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I 
robiem Statement: 
Calculate the Excavation and Fill Qumtities for he TAN Burn Pit - TSF-03 

Remedial Action Operations. IncIudes the following breakdown of material types: 

Required Imported Topsoil 

Excavated “Clean Materials” [No Bum Waste Visually Present] - Stockpiled at Site 
Excavated “Contaminated Materials” ~ i s u a l l y  Present Burn Materials] - Dhp~sed of at ICDF 
Required Imported Engineering. Backfll Materials 

S~mrnizrv of Conclusims: 
TSF-03 Site: 

Excavated “Clean Materials” => 2,418 cubic yards 
Excavated “Contaminated Materials” => 75 1 cubic yards 
Imported Engineering Backfill Materials => 804 cubic yards 

1 ImportedTopsoil ==> 196 cubic yards 

&VIEW AND APPROVAL SIGNATURES: 

Registered Professional Engineer’s Stamp (if required) 
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fRU3LEM sT.4 TEil.ENT: 
TSF-03 Site Remediation Operations require the removal of overburden above the TAN Burn Pit. The 
excavation must be sized sufficiently large to allow all remedial operational activities to be performed 
including: 

9 

Equipment and Personnel Access 

Definition of Waste within the TAN Bum Pit - Waste Pit Boundary 
Removal of Clean Overburden and Stockpiring on Site 
Removal of 3urn Pit Waste and Placement into Waste Containers 

ASSLMJTTOIW: 
The &sumptiom utilized in the performance of these caIculations are outlined below: 

z 

0 

0 

Soil Classification Allows the Utilization of 1: 1 Side Slope due to Soil Cohesion and Stability [Conclusion 
&om soil sampling radiological survey data - accomplished in May 2003 by BBWII 
General TSF-03 is Not hdiologically Contaminated 
Compaction Factor of 7.0% was utilized in calculating the cubic yards of Engineered Backfill Materials 
needed to be imported from TAN Pit [located North of SMC] 
Compaction Factor of 5.0% was utilized in calculating the cubic yards of Topsoil Materials needed to be 
imported from TAN Pit [located West of WRRTF] 

REFERENCES: 

c4LcliLrl T10!i7S f’kWL3’SS: 
See Attached Excel Spreadsheet Calculations based upon TSF-03 Site Physical Configuration and above 
stated considerations for excavation sizing development. 



Option 3 - Configurntion [Small - Rectangular => TSF-03 Burn Pit] 
h c r i p t i o r r  width Awes length 

rcn sr4rc m 
Main Excavation 
- Bottom 26.0 64.0 
- Bottom wlAccess 50.0 12.0 88.0 
- Top 74.0 1.0 112.0 

Ramp 
- Bottom 
- Top 

12.0 80.0 
33.0 80.0 

Waste- Burn Layer 
-Bottom 26.0 64.0 
-Top 26.0 64.0 

Wastelohusion -Under Burn Layer - Bottom 26.0 61.0 
-Top 26.0 64.0 

hsumed Depth of Inmion ===> 

dqnh width iensh 
Wasteebtrusiou -Adjamat to Burn Layer 

-Sides 11.0 LO 64.0 
-Ends 11.0 1.0 26.0 

Clean Badc6ll- Above Bum Layer 
-Bottom 26.0 64.0 - TOP 26.0 64.0 

ASSUKled Wth Of C l m  BIICkfl ==+ 

4,400.0 
8,288.0 

13.0 6,344.0 76,128.0 2.819.6 

960.0 
2,640.0 

10.5 1,800.0 9,450.0 350.0 - 
3,169.6 

1,664.0 
1.664.0 

9.0 1,664.0 14,976.0 

1.664.0 
1,664.0 

2.0 1,664.0 3,328.0 

*.ch 

2.0 
2.0 

1,408.0 
572.0 

1,980.0 

1,664.0 
1,664.0 

1.5 1,664.0 2,496.0 

Waste & Waste lnfllsion Volume--> 
Estimated Clean Soil Volume - 

Soil Shrinkage Factor-> 7.0% EstnnatedRequired Imported Soil Volume -> 

Imwrted Toosoil 6 incbesthiclmers 
Top ofExcaMtion 74.0 
Top o f h p  27.5 

Soi lShdqe  Factor=> 

Emvation SpoP Pile No. 1 
-Bottom 
-TOP 

Waste Box= for Burn Layer Waste 
Standard Steel Box 4.0 
Fabric Soil Sack 6.0 
Roil-Off Container 3.5 

Waste Expansion Factor- 

112.0 xJ8e.o 
80.0 1,BW.O 

10,088.0 186.8 
5.0% Estimnted Required Imported Topsoil Volume 

80.0 90.0 7,200.0 
50.0 60.0 3,000.0 

15.0 5,100.0 76,500.0 

554.7 

1233 

73.3 

g2.4 

751.3 vs. 4,745.4 
2,418.3 ”. 5,535.7 

803.8 y5. 5,219.9 

196.2 

2,833.3 

cubio fnt cubic yards 
4.0 6.0 1 0 , ~  Ibs 96.0 3.6 

7.2 22.0 Ibs 551.3 20.4 
6.0 10.0 25,030 Ibs 360.0 13.3 

Wnsfe & Waste intrusion Volume ===> 751.3 cubicyards 
7 0% Estiinated Expanded Waste Volume ==> 803.8 cubic yards 

Number ofStandard Steel Boxes Required ==> 227 each 
Cost for Standard $0” I 4‘0“ x 60” Steel Waste Contluner at the INEFL -2 $ 550 MI each 

Esnimded Cost for Steel W& Confaim =Z S I24,SSO 

Number ofstandard Soil Sacks Required ==> 61 each 
CastforStandard Sad Sack CantarneralthelNEEL-’ b 3MI.M) each 

Eshirrdal Cost for Fahie W&e Conlnines f 18,300 

Number of Standard 2OcyRoll-OEContainen & Liners Required ==> 41 each 
CostforStandardRolMffCon~Kat Lhc -=> s - caeh 

C o s t f o r S ~ d ~ R o l l ~ f f C o ~ ~ n c r L ~ e r a t ~ e ~ ~  I 25000 eath 
EsIinmted Cost for RolI-Off Wdc CorrloiM Liners E 10,250 

Cost far Stendard Roll-ORConraser - RlPiTALFcs 3 P - perweek 
Standard Rall-OR Container -REQUIRED-> 41 cnch 

wimalsd cost for RolI-C&T W e  Corrloinos - S - 
Esh%mied Told Cost for RoU-Ojl W e  Coniainen - S J0,250 
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I Project Title: OU 1-10, Group 3 
EDF Title: Radiological Modeling Calculations 
Project No.: 2000-096 
Problem Statement: 
Model runs were performed to evaluate what expected radiation fields may be present during the proposed 
remediation operations. 

Summary of Conclusions: 

scenarios were evaluated during the different stages of design. The results of the models runs are show 
table. Similar type modeling will need to be perFormed and actual radiation field measurements 

ill be obtained in efforts to develop the actual ALARA review and applicable Radiation Work Permits. 

I 

I 1 I 1 
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Proiect No.: 2000-096 1 Proiect Title: OU 1-10, GROUP 3. TSF-26 REMEDIATION 
~~~ ~~ 

Project Specific ActiGty: PMZA TANK WASTE RADIOLOGICAL MODELING CALCULATIONS 

%blem Statement: 

tadiological Model runs were performed to evaluate what expected radiation fields may be present during the proposed 
emediation operations: 

Work Around PMZA Tanks . . . totally exposed and with various levels of soil cover 
Work Around Waste Containers ,. . Full and 2/3 Full of Waste Materials . .. totally exposed and with %” and !4” lead sheet 
shielding 
Work Around BROKK and Vacuum Hose Equipment System 
Entry into the PM2A Tank halves after mast waste materials removed with vacuum system 

Summarv of Conclusions: 

Various scenarios were evaluated during the different stages of design. The results of the madels runs are shown in the 
ummary table. Similar type modeling will need to be performed and actual radiation field measurements will be obtained ir 
ifforts to develop the actual ALARA review and applicable Radiation WorkPennits. 

I I I I 
[NDEPENDENT 
REVIEWER 
~PPROVAL: 

~ 

Distribution: 

Registered Professional Engineer’s Stamp (if required) 
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PROBLEM STA TEMENT: 
OU 1-10, Group 3, TSF-26 Site Remediation Operations require the cutting and removal of the PM2A 
Tanks v - 1 3  (East Tank) and V-14 (West Tank)] halves in conjunction with waste removal operations. 
Radiological Modeling is necessary to predict the personnel exposure fields expected during these 
remediation operations. 

ASSUMPTIONS: 
The Assumptions utilized in the performance of these calculations are outlined below: 

Microshield Modeling Software 
Waste Sampling Data from PMZA Tanks 

INDEX’ OF EDF INFORMATION - DESIGN h CALCULATIONS: 
EDF-096-011 pages 1-3 
Radiological Aspects PM2A Tanks pages 4-5 
Microshield Model Runs See Table 1 

SUMhf4RIZATION OF RESULTS: 
Table 1 summarizes the results from the various radiation field modeling that was performed in association with the 
design of the WAG 1, Group 3, TSF-26, remedial design and remedial action work plan development activities. 

Table I .  Estimated radiation level associated with the TSF-26 remedial activities. 

6.9 mRmr 

36 mFUhr 



_- 

Radiological Aspects of and Controls for the PM-2A Tank 
Remediation Efforts 

Remediation of the PM-2A tanks will involve the transfer of radioactive sludge 
and diatomaceous earth fiom the PM-2A tanks to a steel disposable waste bin with the 
use of a vacuum system. This document describes the radiological aspects of the 
remediation process and the controls that are needed to protect personnel from excessive 
radiation exposure both Erom direct radiation and fiom uptake of airborne radionuclides, 
to ensure the operation proceeds smoothly without problems resulting from operational 
ovasight, and to ensure the airborne effluent Erom the operations is within the operational 
limits. 

For this remediation effort, two tanks need to have the radioactive sludge 
removed from them. To prevent the second tank fiom being an unnecessary radiation 
source to operations personnel, care should be taken when removing overburden fiom the 
tanks to leave enough soil over the second tank to attenuate the radiation field fiom this 
tank to levels that wiIl not add appreciable dose to the operations personnel as they 
process the first tank. To determine the amount of soil that needs to be left over the 
second tank, the Microshield code was used. The sludge in the tank was modeled as a 
rectangular source with a length of 50 feet, a thickness of 3.9 inches, and a width of 36 
inches. The density of the sludge is assumed to be 2.0g/cm3 and have an elemental 
composition similar to concrete. The soil shield is assumed to have a density of 1 .8g/cm3 
and also have an elemental composition similar to concrete. Scale drawings of the tanks 
show that there is between 4.5 and 5 feet between the tanks at the tank centerline. 
Assuming that both tanks have been uncovered to remove all shielding fi-om both 
sources, the radiation field between the two tanks as a position midway along the length 
is calculated to be about 3001nRemhr. At the end of the tanks, the radiation field would 
decrease to about 260mRemlhr. If soil is left as shielding on one tank, the radiation field 
between the two tanks will decrease to h o s t  50% of these values. Cdculations were 
performed to illustrate the value of 12, I X, and 24 inches left covering the tank that is not 
remediated. The percentage of the calculated radiation field due to one tank though 
three thicknesses of soil (12”, 18”, and 24”) are 4.0%, 0.6%, and 0.1%. Obviously, the 
more soil that can be leff surrounding/over the second tank, the better, but, based on these 
calculations, 18 inches of overburden would reduce the radiation field to a contribution of 
0.6% of the dose rate fiom the second tank, or about 0.9mRemihr. 

Ideally, the sludge will be dry and able to be broken into small enough pieces that 
the air stream of the vacuum system will be able to completely transport the material to 
the waste bin. If the sludge contains moisture such that it is unable to be broken into 
small enough pieces, the material will be deposited within the vacuum line between the 
vacuum head and the waste bin, thus creating a line source of radioactive material that 
will create radiation exposure to operations personnel. Clearly, a line with a smooth 
interior will be superior to one with a wire stiffener that has an internal corrugation. 
Calculations are perfarmed to show the effect of a small amount of tank sludge deposited 
uniformly within the vacuum line. The calculations assumed 5 grams of sludge per inch 
of line. With this small amount of soil in the line, the radiation field is calculated to be 



2.6mRemlfir at a foot fiom the line. As sludge accumulates in the line, the radiation dose 
rate will increase proportionally to the amount of sludge. Therefore, if the line can be 
kept clean, the dose rate will be minimal. 

After the majority of the sludge has been cleaned from the tank by the BROKK 
manipulator ann, a small amount of sludge is expected to remain in the corner at the ends 
of the tank and possibly at the rib locations of the tank. When personnel enter the tank to 
clean these remnants of sludge from the tank, a slight radiation field will be presented by 
these remaining sludge deposits. To estimate the radiation field presented to personnel, a 
4-foot long heel conservatively containing 1 cubic foot of sludge is assumed. The 
calculated radiation field from this heel is about SOmRemihr. Since the field is 
proportional to the amount of sludge, the field will likely be Iess that the calculated value. 

The next item to consider is the placement of the waste bin. It should be placed 
remotely (or shielded) &om items that may need maintenance such as the vacuum pump, 
the roughmg filters, etc. The radiation field from the waste bin was calculated by the 
MicroShield code with the bin filled to a depth of 6.5 feet. According to the volume and 
weight of the sludge, and diatomaceous earth, the density of a mixture of the two 
materials is 0.60 g/cc. For this model, the diatomaceous earth is assumed to be evenly 
mixed with the tank sludge. According to Intrepid Technology and Resources, Inc., 
Dwg. #M-1 rev. A, the waste bin is 12 feet long by 6 feet wide by 7 feet high. (These 
dimensions have now been revised to 6’x4’x4’.) According to the Microshield 
calculation, the dose rate at 1 foot fiom the middle of the side of the waste bin would be 
about 26OmRemk. This value could be higher or Iower since the calculation assumed 
that the actiiity is e v d y  dispersed in the total volume of waste from the two tanks. 
Clearly, any maintenance on the vacuum pump, which is located on the side of the waste 
bin, would have to involve substantial shieldulg to protect personnel. A slab of regular 
concrete 6 inches thick would reduce this radiation field to 18mRemlhr or to 6.8% of the 
dose presented by the waste bin. If the concrete is 9 inches thick, the field is reduced 
fiom 260 to 5mRemh or about 1.9% of the bin dose rate. 

All calculations are appended for reference. 



Microshield v 5 . 0 1  (5.01-00121) 
Lockheed Martin Idaho Technologies Company 

F i l e  Ref: 
DOS F i l e :  PM2A709.MS5 D a t e :  

Checked : 
Run Date: May 1 0 ,  2003 
Run Time: 9:43:47 PM 
Durat ion:  00:01:37 

Page : 1  - 

By: 

Case Title: Tank 709 
Description: Rad field from sediment shielded wit 

Geometry: 13 - Rectangular Volume 

L 

Nuclide 
Ba-137m 
Co-60 
CS-134 
CS-137 
Eu-154 
Sr-90 
Y-90 

Source Dimensions 
Length 9.86 cm 3.9 in 
Width 91.44 ern 3 ft 
Height 1.5e+3 cm 50 ft 

Dose Points 

# 1  305.8 cm 762 cm 45T72 cm 
10 ft 0.4 in 25 f t l  ft 6.0 in 

# 2  305.8 cm 670 cm 45.72 cm 
10 ft 0.4 in21 ft 11.8 i n 1  ft 6,O i n  

# 3  305.8 cm 578 cm 45.72 cm 
10 ft 0.4 in18 ft 11.6 in1 ft 6.0 in 

# 4  305.8 cm 486 cm 45.72 cm 
10 ft 0.4 in15 ft 11.3 in1 ft 6.0 in 

# 5  305.8 cm 394 cm 45.72 cm 
10 ft 0.4 in12 ft 11.1 in1 ft 6.0_in 

# 6  305.8 cm 302 cm 45.7' 
10 ft 0.4 i n  9 ft 10.9 in1 ft 6.L I 

x' 2 z 

1 

Shields 
S h i e l d  Name Dimension MaterialDensitv 
Source 1.37e+06 cm3Concrete2 
Shield 1 295.94 ern A i r  0.0011 
Air G a p  A i r  0.00122 

Source Input 
Grouping Method : Standard Indices 

Number o f  Groups : 25 
Lower Energy Cutoff : 0.015 
Photons c 0.015 : Excluded 

Library : Grove 
curies becauerels yCilcrn3 Ba/cm3 

1.0690e+001 3.9553e+011 7.7800e+000 2.8786e+005 
1.1870e-001 4.3919e+009 8.6388e-002 3.1964e+003 
3.6700e-004 1.3579e+007 2.6710e-004 9.8826e+000 
1 . 1 3 0 0 e + 0 0 1  4.1810e+011 8.2239e+000 3.0429e+005 
1.4000e-002 5.1800e+008 1.0189e-002 3.7699e+002 
1 . 1 3 0 0 e + 0 0 1  4.1810e+011 8.2239e+000 3.0429e+005 
1.1300e+001 4.1810e+011 8.2239e+000 3.0429e+005 

Buildup 
The material reference is : Shield 1 

Integration Parameters 
X Direction 10 
Y Direction 20 
Z Direction 20 
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/ _, 
Results - Dose Point # 1 - (305.8,762,45.72) cm 

Enerqv Activity Fluence Rate Fluence Rate Exposure Rate 
MeV photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 

0.03 2.330e+10 8.824e+00 2.058e+01 8.745e-02 
0.04 5.603e+09 5.907e+00 2.143e+01 2.612e-02 
0.05 2.678e+07 5.566e-02 2.818e-01 1,483e-04 
0.1 2.096e+08 1.859e+00 1.055e+01 2.844e-03 
0.2 3.538e+07 8.338e-01 2.936e+00 1 472e-03 
0.3 4.807e+03 1.937e-04 5.349e-04 3.674e-07 
0.4 3.696e+06 2.175e-01 5.175e-01 4.239e-04 
0.5 1.320e+06 1.042e-01 2.237e-01 2.046e-04 
0.6 3.560e+ll 3.572e+04 7.099e+04 6.973e+01 
0.8 2.148e+08 3.143e+01 5.584e+01 5.979e-02 
1.0 4.552e+09 8.915e+02 1.474e+03 1.643e+00 
1.5 4.594e+09 1.520e+03 2.241e+03 2.557e+00 

No Buildulr, With Buildup No Buildup 

TOTALS: 3.945e+11 3.818e+04 7.482e+04 7.411e+01 

Enerqv 
- MeV 

0.03 
0.04 

I’ 0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 2 - (305.8,670,45.72) cm 
Act ivitv Fluence Rate Fluence Rate ExDosure Rate 

photons/sec MeV/cmz/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

2.330e+10 8.803e+00 2.053e+01 8.724e-02 
5.603e+09 5.892e+00 2.138e+01 2.606e-02 
2.678e+07 5.552e-02 2.811e-01 1.479e-04 
2.096e+08 1.854e+00 1.052e+01 2.837e-03 
3.538e+07 8.316e-01 2.926e+00 1.468e-03 
4.807e+03 1.932e-04 5.331e-04 3.664e-07 
3.696e+O6 2.169e-01 5.156e-01 4.227e-04 
1.320e+06 1.039e-01 2.229e-01 2.040e-04 
3.560e+ll 3.562@+04 7.074e+04 6.952e+01 
2.148e+08 3.134e+01 5.564e+01 5.961e-02 
4.552e+09 8*888e+02 1.469e+03 1.638e+00 
4.594e+09 1.515e+03 2.233e+03 2.549e+00 

TOTALS: 3.945e+l1 3.807e+04 7.455e+04 7.389e+01 

Results - Dose Point # 3 - (305.8,578,45.72) cm 
Enersy Act ivi tv Fluence Rate Fluence Rate Exposure Rate 
- MeV photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 

No Buildup With Buildup No Buildup 
0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 

8.734e+00 
5.846e+00 
5.508e-02 
1.839e+00 
8.245e-01 
1.915e-04 
2.150e-01 
1.030e-01 
3.529e+04 
3.104e+01 
8.801e+02 

2.036e+01 
2.120e+01 
2.787e-01 
1.041e+01 
2.894e+00 
5.272e-04 
5.100e-01 
2.204e-01 
6.995e+04 
5.502e+01 
1.453e+03 

8.656e-02 
2.585e-02 
1.467e-04 
2.814e-03 
1.455e-03 
3.632e-07 
4.189e-04 
2.021e-04 
6.888e+01 
5.904e-02 
1.622e+00 

Emosure Rate 
mR/hr 

With Buildup 
2.039e-01 
9.479e-02 
7.506e-04 
1.614e-02 
5.181e-03 
1.015e-06 
1.008e-03 
4.391e-04 
1.3 86e+02 
1.062e-01 
2.718e+00 
3.770e+00 

1.455e+02 

Exposure Rate 
mR/hr 

With Buildup 
2.034e-01 
9.455e-02 
7.487e-04 
1.609e-02 
5.164e-03 
1.Olle-06 
1.005e-03 
4.376e-04 
1.381e+02 
1.058e-01 
2.708e+00 
3.756e+00 

1.450e1-02 

Exposure Rate 
mFt/hr 

With Buildup 
2.018e-01 
9.377e-02 
7.425e-04 
1.593e-02 
5.108e-03 
1.000e-06 
9.936e-04 
4.327e-04 
1.365e+02 
1.047e-01 
2.678e+00 
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DOS File: PM2A709.MS5 
Run Date: May 10, 2003 
Run Time: 9:43:47 PM 
Duration: 00:01:37 

Enerqy 
- MeV 

1.5 

TOTALS : 

Enersv 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

TOTALS : 

Enerqy 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0 . 5  
0 . 6  
0.8 
1.0 
1.5 ' 

TOTALS : 

Enersv 
- MeV 

0.03 
0 . 0 4  
0.05 
0.1 

Act ivitv 
photons/sec 

4.594e+09 

Fluence Rate Fluence Rate Exposure Rate Exposure R a t e  
MeV/cm*/sec MeV/cm2/sec mR/hr 

No Buildup With Buildup No Buildu~ With Buildup 
mR/hr 

1.499e+03 2.208et03 2.523e+00 3.714e+00 

7.320e+01 1 - 434e+02 3.945e+11 3.772e+04 7.373e+04 

Results - Dose Point # 4 - ( 3 0 5 . 8 , 4 8 6 , 4 5 . 7 2 )  cm 
Act ivitv 

photons/sec 

3.945e+11 

Fluence Rate 
MeV/cmz/sec 
No Buildup 
8.603e+00 
5.757e+00 
5.424e-02 
1.810e+00 
8.109e-01 
1.883e-04 
2.113e- 01 
1.012e-01 
3.467e+04 
3.048e+01 
8.640e+02 
1.471e+03 

3.705e+04 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
2.004e+01 
2.087e+01 
2.744e-01 
1.022e+01 
2.835ee00 
5.165e-04 
4.995e-01 
2.159e-01 
6.852e+04 
5.389e+01 
1.423ec03 
2.162e+03 

7.221e+04 

Exposure Rate 
mR / hr 

No Buildur, 
8.526e-02 
2.546e-02 
1.445e-04 
2.769e-03 
1.431e-03 
3.571e-07 
4.117e-04 
1.986e-04 
6.767e+01 
5.798e-02 
1.593e+00 
2.475e+00 

7.191e+01 

Results - Dose Point # 5 - (305 .8 ,394 ,45 .72 )  cm 
Act ivi tv 

photons/sec 

2.330e+10 
5.603e+09 
2.678e+07 
2.096e+08 
3.538e+07 
4.807e+03 
3.696e+06 
1.320e+06 
3.560e+ll 
2.148e+08 
4.552e+09 
4.594e+09 

Fluence Rate 
MeV/cm*/sec 
No Buildup 
8.376e+00 
5.604e+00 
5.279e-02 
1.760e+00 
7.880e-01 
1.828e-04 
2.051e-01 
9.820e-02 
3.363e+04 
2.956e+01 
8.374e+02 
1.425e+03 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
1.951e+01 
2 - 030e+01 
2.669e- 01 
9 894e+00 
2.741e+00 
4.992e-04 
4.828e-01 
2.087e-01 
6.622e+04 
5.208e+01 
1.375ee03 
2.089e+03 

ExDosure Rate 
mR/hr 

No Buildup 
8.301e-02 
2.479e-02 
1.406e-04 
2.693e-03 
1.391e- 03 
3.468e-07 
3.997e-04 
1.928e-04 
6.564e+01 
5.622e-02 
1.544e+00 
2.397e+00 

Results - Dose Point # 6 - (305 .8 ,302 ,45 .72 )  cm 
Activity Fluence Rate Fluence Rate Emosure Rate 

photons/sec MeV/cmz/sec MeV/cm2/sec mR/hr 
No Buildup With Buildur, No Buildup 

2.330e+10 7.996e+00 1.862e+01 7.925e-02 
5.603e+09 5.349e+00 1.937e+01 2.366e-02 
2.678e+07 5.037e-02 2.545e-01 1.342e-04 
2.096e+08 1.678e+00 9.383e+00 2.567e-03 

ExDosure Rate 
mR/hr 

With Buildup 
1.986e-01 
9.229e-02 
7.308e-04 
1.563e-02 
5.004e-03 
9.797e-07 
9.733e-04 
4.239e-04 
1.337e+02 
1.025e-01 
2.623e+00 
3.637e+00 

ExDosure Rate 
mR/hr 

With Buildup 
1.933e-01 
8.979e-02 
7.110e-04 
1.514e-02 
4.837e-03 
9.469e-07 
9.406e-04 
4.096e-04 
1.293e+02 
9.907e-02 
2.535e+00 
3.515e+00 

1.357e+02 

Exposure Rate 
mR/hr 

With Buildup 
1.845e-01 
8.565e-0' 
6.781e-C 
1.436e-02 
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Enerqy 
MeV 

0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Act ivi tv 
photons/sec 

Fluence Rate 
MeV/cm2/sec 
No BuilduD 
7.504e-01 
1.740e-04 
1.951e-01 
9.337e- 02 
3.197e+04 
2.808e+01 
7.953e+02 
1.352e+03 

TOTALS: 3.945e+11 3.416e+04 

Fluence Rate 
MeV/crn2/sec 
With Buildup 
2.595e+00 
4.726e-04 
4.571e-01 
1.976e-01 
6.272e+04 
4.933e+01 
1.3 03e+03 
1.980e+03 

6.610e+04 

ExDosure Rate 
mR/hr 

No Buildup 
1.324e-03 
3.300e-07 
3.802e-04 
1.833e-04 
6.240e+01 
5.341e-02 
1.466e+00 
2.275e+00 

6.630e1-01 

ExDosure Rate 
mR/hr 

With Buildup 
4.580e-03 
8.965e-07 
8.907e-04 
3.879e-04 
1.224e+02 
9.384e-02 
2.401e+00 
3.331e+00 

1.285e+02 
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DOS File: PMZA709.MS5 Date: 
R u n  Date: May 10, 2 0 0 3  
Run Time: 8:49:56 PM 
Duration: 00:31:44 

Case Title: Tank 709 

Geometry: 13 - Rectangular Volume 
Description: Rad field from sediment shielded wit 

L 

Nuclide 
Ba-137m 
CO-60 
CS-134 
CS-137 
Eu-154 
Sr-90 
Y-90 

Source Dimensions 
Length 9.86 c m  3 . 9  in 
Width 91.44 cm 3 f t  
Height 1.5e+3 cm 50 ft 

Dose Points 

# 1  363.8 cm 762 cm 45772 cm 
10 f t  0.4 in 25 f t l  f t  6 . 0  i n  

# 2  305.8 cm 670 cm 45.72 crn 
10 ft 0.4 in21 ft 11.8 in1 f t  6.0 in 

# 3  305.8 cm 578 cm 45.72 cm 
10 ft 0.4 in18 f t  11.6 in1 f t  6 . 0  in 

# 4  305.8 cm 486 cm 45.72 cm 
10 ft 0.4 in15 f t  11.3 in1 f t  6.0 in 

# 5  305.8 cm 394 cm 45.72 cm 
10 ft 0.4 in12 f t  11.1 in1 ft 6.0 in 

# 6  305.8 cm 302 cm 45.77 
10 f t  0.4 i n  9 ft 1 0 . 9  in1 ft 6 . 1  

X - Y z 

/ 

Shields 
Shield N a m e  Dimension MaterialDensitv 
Source 1.37e+06 cm3 C o n c r e t e 2  
Shield 1 264.46 em Air 0.0011 
Shield 2 30.48 cmConcrete1.8 
S h i e l d  3 1.0 cm Air 0.0011 
Air Gap A i r  0.00122 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons < 0.015 : Excluded 

Library : Grove 
curies becuuerels pCi/cm3 Bq/cm3 

1.0690e+001 3.9553e+011 7.7800e+000 2 . 8 7 8 6 e + 0 0 5  
1.1870e-001 4.3919ei-009 8.6388e-002 3.1964ei-003 
3.6700e-004 1.3579e+007 2.6710e-004 9.8826e+000 
1.1300e+001 4.1810e+011 8.2239@+000 3.0429e+005 
1.4000e-002 5.1800e+008 1.0189e-002 3.7699ei-002 
1.1300e+001 4.1810e+011 8 .2239e+000  3.0429ei-005 
1.1300e+001 4.1810e+011 8.2239e+000 3.0429e+005 

Buildup 
T h e  material reference is : Shield 2 

Integration Parameters 
X Direction 10 
Y Direction 20  
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ration: 00:01:44 

-1’ 
Z Direction 20  

Enerqy 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose P o i n t  # 1 - (305.8,762,45.72) cm 
Activitv Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildm 

2.330e+10 7.568e-28 4.878e-24 7 - 500e-3 0 
5.603e-r-09 3.618e-14 1.388e-13 1.600e-16 
2.678e+07 3.039e-11 2.067e-10 8.097e-14 
2.096e+08 6.304e-05 1.777e-03 9.645e-08 
3.538e-tO7 3.821e-04 1.317e-02 6.745e-07 
4.807e+03 2.473e-07 6.488e-06 4.691e-10 
3.696e+06 5.417e-04 1.071e-02 1.055e-06 
1.320e+06 4.249e-04 6.590e-03 8.341e-07 
3.560e+ll 2.142e+02 2.707e+03 4.182e-01 
2.148e+08 3.370e-01 3.09Se+00 6.409e-04 
4.552e+09 1.463e+01 1.057e+02 2.696e-02 
4.594e+09 5.061e+01 2.453e+02 8.515e-02 

TOTALS: 3.945e+11 2.798e+02 3.061e+03 5.309e-01 

Enerqy 
- MeV 

6.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 2 - (305.8,670,45.72) cm 
Activity Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

2.330e+lO 7.561e-28 4.860e-24 7.493e-30 
5.603e+09 3.618e-14 1.388e-13 1.600e-16 
2.678e+07 3.040e-11 2.067e-10 8.097e-14 
2.096e+08 6.304e-05 1.777e-03 9.645e-08 
3.538e+07 3.821e-04 1.317e-02 6.745e-07 
4.807e+03 2.473e-07 6.488e-06 4.691e-10 
3.696e+06 5.417e-04 1.071e-02 1.055e-06 
1.320e+06 4.249e-04 6.589e-03 8.341e-07 
3.560e+ll 2.142e+02 2.706e+03 4.182e-01 
2.148e+08 3.370e-01 3.094e+00 6.409e-04 
4.552e+09 1.463e+01 1.056e+02 2.696e-02 
4.594e+09 5.060e+01 2.452e+02 8.513e-02 

TOTALS: 3.945e+11 2.798e+02 3.060e+03 5.309e-01 

Results - Dose Point # 3 - (305.8,578,45.72) cm 
Enerqv Act ivitv Fluence Rate Fluence Rate Exposure Rate 
- MeV photons/sec MeV/cmz/sec MeV/cmz/sec mR/hr 

No Buildup With Buildup No Buildup 
0.03 2.330e+10 7.542e-28 4.804e-24 7.474e-30 
0.04 5.603e+09 3.619e-14 1.389e-13 I. 601e-16 
0.05 2.678e+07 3.040e-11 2.067e-10 8.098e-14 
0.1 2,096e+08 6.304e-05 1.777e-03 9.645e-08 
0.2 3.538e+07 3.821e-04 1.317e-02 6.745e-07 

0.4 3.696e+06 5.416e-04 1.071e-02 1.055e-06 
0.5 1.320e+06 4.249e-04 6.588e-03 8.340e-07 
0.6 3.560e+ll 2.142e+02 2.706e+03 4.181e-01 

0.3 4.807e+03 2.473e-07 6.487e-06 4.691e-10 

Exposure R a t e  
mR/hr . 

With Buildup 
4.834e-26 
6.140e-16 
5.506e-13 
2.718e-06 
2.325e-05 
1.231e-08 
2.086e-05 
1.293e-05 
5.283e+00 
5.886e-03 
I. 948e-01 
4.127e-01 

5.896e+00 

Exposure Rate 
mR/hr 

With Buildup 
4.816e-26 
6.140e-16 
5.506e-13 
2.718e-06 
2.325e-05 
1.231e-08 
2.086e-05 
1.293e-05 
5.283e+00 
5.886e-03 
1.947e-01 
4.125e-01 

5.896e+00 

Exposure Rate 
mR/hr 

With Buildup 
4.762e-26 
6.142e-16 
5.507e-13 
2.718e-06 
2.324e-05 
1.231e-08 
2.086e-05 
1.293e-05 
5.281e+00 
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Duration: 00:01:44 

Enerqy Activity Fluence Rate Fluence Rate Exposure Rate 
MeV photons/sec MeV/cm*/sec MeV/cm2/sec mR/hr 

0.8 2.148e-t-08 3.369e-01 3.093e+00 6.408e-04 
1.0 4.552e+09 1.462e+01 1.056e+02 2.695e-02 
1.5 ’ 4.594et09 5.056e+01 2.448e+02 8.507e-02 

No Buildup With Buildup No Buildup 

TOTALS: 3.945e+11 2.797e+02 3.059e+03 5.308e-01 

Enemy 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 4 - (305.8,486,45.72) cm 
Activitv Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

2.33Oe+10 7.557e-28 4.705e-24 7.490e-30 
5.603e+09 3.617e-14 1.388e-13 1.600e-16 
2.678e+07 3.040e-11 2.067e-10 8.098e-14 
2.096et08 6.304e-05 1.777e-03 9.645e-08 
3.538et07 3.821e-04 1.317e-02 6.744e-07 
4.807et03 2.473e-07 6.485e-06 4.691e-10 
3.696e+06 5.415e-04 1.070e-02 1.055e-06 
1.320e+06 4.248e-04 6.583e-03 8.338e-07 
3.560e+ll 2.141e+02 2.703e+03 4.179e-01 
2.148e+08 3.366e-01 3.087e+00 6.403e-04 
4.552e+09 1.460e+01 1.053e+02 2.692e-02 
4.594e+09 5.045e+01 2.438e+02 8.488e-02 

TOTALS: 3.945e+11 2.795e+02 3.055e+03 5.304e-01 

Enersv 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 5 - (305.8,394,45.72) cm 
Activitv Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildur, 

2.330et10 7.550e-28 4.550e-24 7.483e-30 
5.603e+09 3.616e-14 1.388e-13 1.599e-16 
2.678e+07 3.040e-11 2.067e-10 8.098e-14 
2.096e+08 6.304e-05 1.776e-03 9.644e-08 
3.538e+07 3.820e-04 1.316e-02 6.742e-07 
4.807e+03 2.471e-07 6.473e-06 4.687e-10 
3.696e+06 5.409e-04 1.067e-02 1.054e-06 

3.56Oe+11 2.136e+02 2.691e+03 4.170e-01 
3.069e+00 6.382e-04 2.148e+08 3.355e-01 

4.552e+09 1.454e+01 1.045e+02 2.680e-02 
4.594e+09 5.010e+01 2.412e+02 8.430e-02 

1.320e+06 4.240e-04 6.559e-03 8.323e-07 

TOTALS: 3.945e+11 2.786e+02 3.039e+03 5.287e-01 

Results - Dose Point # 6 - (305.8,302,45.72) em 
Enersv Activity Fluence Rate Fluence Rate ExDosure Rate 
- MeV photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 

0.03 2.330e+10 7.543e-28 4.320e-24 7.476e-30 
0.04 5.603e+09 3.616e-14 1.388e-13 1.599e-16 

No Buildup With BuilduD No Buildup 

Exposure Rate 
mR/hr 

With Buildup 
5.883e-03 
1.946e-01 
4.119e-01 

5.894e+00 

Exposure Rate 
mR/hr 

With Buildup 
4.663e-26 
6.138e-16 
5.507e-13 
2.718e-06 
2.324e- 05 
1.230e-08 
2.085e-05 
1.292e-05 
5.275e+00 
5.872e-03 
1.941e-05 
4.102e-CI 

5.885e+00 

Exposure Rate 
mR/hr 

With Buildup 
4.509e-26 
6.137e-16 
5.507e-13 
2.718e-06 
2.322e-05 
1.228e-08 
2.079e-05 
1.287e-05 
5.252e+00 
5.837e-03 
1.926e-01 
4.058e-01 

5.856e+00 

Emosure Rate 
mR/hr 

With Buil;’ 
4.281e-; 
6.137e-lb 
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Enerqv Act ivi tv Fluence Rate 
MeV photons/sec MeV/cm2/sec 

No Buildup 
0.05 2.678e+07 3.040e-11 
0.1 2.096et08 6.298e-05 
0.2 3.538e+07 3.808e-04 
0.3 4.807e+03 2.459e-07 
0.4 3.696e+06 5.372e-04 
0.5 1,32Oe+06 4.205e-04 
0.6 3,56Oe+ll 2 - 115e+02 
0.8 2.148e+08 3.313e-01 
1.0 4.552ec09 1.432e+01 
1.5 4.594e+09 4.908e+01 

-1 

TOTALS: 3.945e+11 2.753e+02 

Fluence Rate 
MeV/cm2/sec 
With BuildurD 
2.067e-10 
1.773e-03 
1,308e-02 
6.415e-06 
1.055e-02 
6.469e-03 
2.648e+03 
3.010e+00 
1.022e+02 
2.345e+02 

2.988e+03 

Exposure Rate 
mR/hr 

No Buildup 
8.098e-14 
9.635e-08 
6.720e-07 
4.664e-10 
1.047e-06 
8.254e-07 
4.129e-01 
6 . 3  Ole-04 
2.640e-02 
8.258e-02 

5.225e-01 

Exposure Kate 
mR/hr 

With Buildup 
5.507e-13 
2 -713e-06 
2.309e-05 
1.217e-08 
2.055e-05 
1.270e-05 
5.169e+00 
5.724e-03 
1.884e-01 
3 946e-01 

5.758e+00 
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Checked: By: w Page : 1  File Ref: 
DOS File: PM2A709.MS5 D a t e :  
Run D a t e :  May 10, 2003 
Run Time: 9:56:26 PM 
Duration: 00:01:46 

Case Title: Tank 709 
Description: Rad f i e l d  from sediment shielded wit 

Geometry: 13 

L 

Nuclide 
Ba-137m 
CO-60 
cs-134 
CS-137 
Eu- 154 
Sr-90 
Y-90 

- Rectangular Volume L-1 
Source Dimensions 

Length 9.86 cm 3.9 in 
Width 91.44 cm 3 ft 
Height 1.5e+3 cm 50 ft 

# 1  

# 2  

# 3  

# 4  

# S  

# 6  

10 

10 

10 

10 

10 

10 

X 

ft 6.4 
321.04 
ft 6.4 
321.04 
ft 6.4 
321.04 
ft 6.4 
321.04 
ft 6.4 
321.04 
ft 6.4 

3 2 l 7  04 

Dose Points 

cm 762 
in 25 
cm 670 
in21 ft 11.8 
crn 578 
in18 ft 11.6 
cm 486 
in15 ft 11.3 
cm 3 94 
in12 ft 11.1 
cm 302 
in 9 ft 10.9 

- Y Z 
cm 45T72 cm 
f t l  ft 6.0 in 
cm 45.72 cm 
in1 ft 6.0 in 
cm 45.72 cm 
in1 ft 6 .0  i n  
cm 45.72 em 
in2 ft 6.0 in 
cm 45.72 cm 
in1 ft 6.0 in 
cm 45.7' I 
in1 ft 6. 

Shields 
Shield Name Dimension MaterialDensitv 
Source 1.37e+06 cm3 Concrete2 
Shield 1 264.46 cm Air 0.0011 
Shie ld  2 45.72 cmConcrete1.8 
Shield 3 1.0 cm Air 0.0011 
Air Gap Air 0.00122 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons c 0.015 : Excluded 

Library : Grove 
curies becauerels pCi/cm3 Bu/cm3 

1.0690e+001 3.9553e+011 7.7800e+000 2.8786~-005 
1.1870e-001 4.3919e+009 8.6388e-002 3.1964e+003 
3.6700e-004 1.3579e+007 2.6710e-004 9.8826e+000 
1.1300e+001 4.1810e+011 8.2239e+000 3.0429ec005 
1.4000e-002 5.1800e+008 1.0189e-002 3.7699e+002 
1.1300e+001 4.1810e+011 8.2239e+000 3.0429e+005 
1.1300e+001 4.1810e+011 8.2239e+000 3.0429e+005 

Buildup 
The material reference is : Shield 2 

Integration Parameters 
X Direction 10 
Y Direction 20 
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* I  
~ <- 

Z Direction 20  

I 

Enerqy 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2  
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

TOTALS : 

Enercw 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0 . 4  
0 . 5  
0 .6  

1.0 
1.5 

0 .  a 

TOTALS : 

Enersv 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 

Results - D o s e  P o i n t  # 1 - (321.04,762,45.72) cm 
Activitv Fluence Rate Fluence Rate ExDosure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

2.330e+10 1 - 359e-41 4.578e-24 1.346e-43 
5.603e+09 4.65Oe-21 I. 897e-20 2.057e-23 
2.678e+07 1.052e-15 8.859e-15 2.804e-18 
2.096e-cO8 4.681e-07 2.193e-05 7.161e-10 
3.538e-t-07 9.929e-06 6.502e-04 1.752e-OB 
4.807e+03 1.049e-08 5.119e-07 1.990e-11 
3.696e+06 3.160e-05 1 - 116e-03 6.156e-08 

3.560e+ll 1.897e+01 3.987e-tO2 3.702e-02 
2.148e+08 3.925e-02 5.672e-01 7.465e-05 
4*552e+09 2.081e+00 2.262e+01 3.835e-03 
4.594e+09 1.002e+01 6.810e+01 l.686e-02 

1 - 320et06 3.133e-05 8.349e-04 6.150e-08 

Exposure R a t e  
mR/hr 

With Buildup 
4 -537e-26 
8.391e-23 
2.360e-17 
3.354e-08 
1.147e-06 
9.711e-10 
2.175e-06 
1.639e-06 
7 . 7 8 3 e - 0 1  
1.079e-03 
4.169e-02 
1.146e-01 

3.945eAl 3.111e+01 4.900e+02 5.779e- 02 9.356e-01 

Results - Dose P o i n t  # 2 - (321.04,670,45.72) cm 
Act ivi t v Fluence Rate Fluence Rate Exposure R a t e  Exposure Rate 

No Buildup With Builduz, No Buildup With 3uildu.e 
photons/sec MeV/cm2/sec MeV/cm2/sec mR/hz rnR/hr  

2.330eclO 1.357e-41 4.560e-24 1.345e-43 4.52Oe-26 
5.603e-1-09 
2.678e+07 
2.096et08 
3.538e+07 
4.807e+03 
3.696e+06 
1.320e+06 
3.560e41 
2.148e+08 
4.552@+09 
4.594et09 

4.64%-21 
1.053e-15 
4.681e- 07 
9.929e-06 
1.049e-08 
3.16Oe-05 
3.133e-05 
1.897e+01 
3.925e-02 
2.081e+OO 
1.002e+01 

1.897e-20 
8.860e-15 
2,193e-05 
6.501e-04 
5.119e-07 
1. U6e-03 
8.349e-04 
3.987e+02 
5.672e-01 
2.262e+01 
6.809e+01 

2.056e-23 
2.804e-18 
7.161e-10 
1.752e-08 
1.990e-11 

6.150e-08 
3 -702e-02 
7.465e-05 
3.835e- 03 
1.686e- 02 

6.156e-08 

8 -389e-23 
2.360e-17 
3.354e-08 
1.147e-06 
9.711e-10 
2.175e-06 
1.639e-06 
7.783e-01 

4.169e-02 
1.079e-03 

1.14 6e- 01 

3.945e+11 3.111e+01 4.900e+02 5.779e-02 9.356e-01 

Results - D o s e  Point # 3 - (321.04 ,578,45 .72)  cm 
Activity Fluence Rate Fluence Rate Emosure Rate 

photons/sec MeV/cm2/sec MeV/cmz/sec mR/hr 
No Buildup With Buildup No Buildup 

2.330e+10 1.355e-41 4.507e-24 1.343e-43 
5.603e+09 4.646e-21 1.896e-20 2.055e-23 
2.678e+07 1.053e-15 8.863e-15 2.805e-18 
2.096e+08 4.681e-07 2.192e-05 7.161e-10 
3.538e-tO7 9.929e-06 6.501e-04 1.752e- 08 
4.807e+03 1.049e- 08 5.119e-07 1.990e-11 
3.696e+06 3.160e-05 1 a 116e-03 6.156e-08 
1.320e+06 3.133e-05 8 349e-04 6 I 150e-08 
3.560e+ll 1.897e+01 3.987e+02 3.702e-02 

8.383e-23 
2.3 61e-17 
3.354e-08 
1.147e-06 
9.711e-10 
2.175e-06 
1.639e-06 
7.783e-01 
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DOS File: PM2A709.MS5 
Run Date: May 10, 2003 
Run Time: 9 : 5 6 : 2 6  PM 
Duration : 00 : 01 : 46 

/-- 

Act ivi t y Fluence Rate 
photons/sec MeV/crn'/sec 

No Buildup 
2.148e+08 3.924e-02 
4.552e+09 2.081e+00 
4.594e+09 1. D02e+01 

Fluence Rate 
MeV/cm2/sec 
With Buildur, 
5.671e-01 
2.26le+01 
6.806e4-01 

Exposure Rate 
mR/hr 

No Buildup 
7.465e-05 
3.835e-03 
1.685e-02 

Enerqy 
- MeV 

0.8 
1.0 
1.5 

TOTALS : 

Enerw 
- MeV 

0 . 0 3  
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

TOTALS : 

Enerqy 
- MeV 

0.03 
0.04 
0.05  
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

TOTALS : 

Enerqv 
- MeV 

0.03 

Exposure Rate 
mR/hr 

With Buildup 
1. W9e-03 
4.169e-02 
1.145e-01 

4.900e+O2 5.778e-02 9.355e-01 

Results - Dose Point # 4 - (321.04 ,486,45 .72)  crn 
Activity Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

Exposure Rate 
mR/hr 

With BuilduD 
4.371e-26 
8 .375e-23  

3.354e-08 
1.147e-06 
9.710e-10 
2.175e-06 
1.638e-06 
7.780e-01 
1.078e-03 
4.165e-02 
1.143e-0"- 

2.360e-17 

1.366e-41 
4.641e-21 
1 . 0 5 2 e - 1 5  
4.681e-07 
9.929e-06 
1.049e-08 
3.159e-05 
3.133e-05 
1.897e+01 
3.924e-02 
2.08Oe+OO 
1.001e+O1 

4.410e-24 
1.894e-20 
8.859e-15 
2.193e-05 
6 . 5 0 1 e - 0 4  
5.119e-07 
1 - 116e-03 
8.347e-04 
3.986e+02 
5.668e-01 
2.260ei-01 
6.795e+01 

1.354e-43 
2.053e-23 

7.16le-10 
1.752e-08 
1.990e-11 
6.156e-08 

3.702e-02 
7.663e-05 
3.834e-03 
1.684e-02 

2.804e-18 

6.150e-08 

3.945e+11 3.109e+01 4.897e+02 5.776e-02 9.351e-01 

Results - Dose Point # 5 - (321.04 ,394,45 .72)  cm 
Act ivi tv 

photons/sec 
Fluence Rate 
MeV/cm2/sec 
No Buildup 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
4.261e-24 
1.892e-20 
8.859e-15 
2.193e-05 
6.500e-04 
5.117e-07 
I. 115e-03 
8.337e-04 
3.980e+02 
5.654e-01 
2.252e+01 
6.755e+01 

ExDosure Rate 
mR/hr 

No Buildup 
1.357e-43 
2.051e-23 
2.804e-18 
7.161e-10 
1.752e-08 
1.990e-11 
6.154e-08 
6.147e-08 
3.699e-02 
7.453e-05 
3.826e-03 
1.678e-02 

Exposure Rate 
mR/hr 

With Buildup 
4.223e-26 
8.368e-23 
2.360e-17 
3.354e-08 
1.147e-06 
9 -7O6e-10 
2.173e- 06 
1.637e-06 
7.768e-01 
1.075e-03 
4.151e- 02 
1.136e-01 

1.370e-41 
4.638e-21 
1.052e-15 
4.681e-07 
9.928e-06 
1 I 049e-08 
3.158e-05 

1.895e+01 
3.919e-02 
2 .O76e+00 
9.972e+00 

3.131e-05 

3.945e+11 3.104e+01 4.886e4-02 5.767e-02 9.331e-01 

Results - Dose Point # 6 - (321,04,302,45.721 cm 
Activity Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No 3uildup 

2.330e+10 I. 367e-41 4.043e-24 1.355e-43 

Exposure Rate 
mR/hr 

With Build-- 
4.OO6e-L" 

0.04 5.603ec09 4.638e-21 1.892e-20 2.051e-83 8.369e-2, 
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_, 

Enerqv Activitv 
- MeV photons/sec 

0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

TOTALS: 3.945e+11 

Fluence Rate 
MeV/cm2/sec 
No Buildup 
1.052e-15 
4.680e-07 
9.918e-06 
1. C47e-08 
3 - 149e-05 
3.119e-05 
1.886e+01 
3.891e-02 
2.057e+00 
9.835e+00 

3.079e+01 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
8.859e-15 
2.192e-05 
6.487e- 04 
5.098e-C7 
1.109e-03 
8.280e-04 
3*947e+02 
5.591e-01 
2.221e+01 
6.626e+01 

4.837e1-02 

Exposure Rate 
m R / h r  

No Buildup 
2.804e-18 
7.159e-10 
1.750e-08 
1.986e-11 
6.136e-08 

3.680e-02 
7.400e-05 
3.791e-03 
1 -655e-02 

6.122e-08 

5.722e-02 

Exposure Rate 
mRlhr 

With Buildup 
2.360e-17 
3.353e-08 
1.145e-06 
9.670e-10 
2.16le-06 
1.625e-06 
7.703e-01 
1.063e-03 
4.094e-02 
1.115e-01 

9.238e-01 
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DOS File: 
Run D a t e :  
Run T i m e :  
Duration: 

MicsoShield v5.01 (5.01-00121) 
Lockheed Martin Idaho Technologies Company 

1 File R e f :  
PM2A709.MS5 
May 10, 2003 
1 0 : 0 4 : 5 7  PM 
00:01:47 

/- - 

Checked : 

Case Title: Tank 709 
Description: Rad field from sediment shielded w i t h ( $ z o 3  

Geometry: 13 - Rectangular Volume 

L 

Nuclide 
Ba- 13 7m 
Co-60 
Cs-134 
(3-137 
Eu-154 
Sr-90 
Y- 90 

Source Dimensions 
Length 9.86 em 3.9 in 
Width 91.44 cm 3 ft 
Height 1.5e+3 cm 50 ft 

Dose Points 
X 

# 1 33c.28 cm 
, 11 

11 

11 

11 

11 

11 

# 2  

# 3  

# 4  

## ,5 

# 6  

ft 0.4 
336.28 
ft 0.4 
336.28 
ft 0.4 
336.28 
ft 0.4 
336.28 
ft 0.4 
336.28 
ft 0.4 

in 
cm 
in21 ft 
cm 
in18 ft 
cm 
in15 ft 
cm 
in12 ft 
cm 
in 9 ft 

- Y 2 
762 cm 45772 cm 
25 
670 

11.8 
578 

11.6 
486 
11.3 
3 94 
11.1 
302 
10.9 

f t l  
cm 
in1 
cm 
i n 1  
cm 
in1 
cm 
in1 
c m  
in1 

ft 6.0 in 
45.72 cm 
ft 6.5 in 
45.72 cm 

ft 6.0 in 
45.72 cm 

ft 6 . 0  i n  
45.72 cm 
ft 6.0,in 
45.7' 
ft 6 . c  . 

Shields 
Shield Name Dimension MaterialDensity 
Source 1.37e+06 cm3 Concrete2 
Shield 1 264.46 cm Air 0.0011 
Shield 2 60.96 cmConcrete1.8 
Shield 3 1.0 cm Air 0.0011 
Air Gap Air 0.00122 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons e 0.015 : Excluded 

Library : Grove 
c u r i e s  beccruerels fici /cm3 Bcr/cm3 

1.0690e+001 3.9553e+011 7.7800e+000 2.8786e+005 
1.1870e-001 4.3919e+009 8.6388e-002 3.1964e+003 
3.6700e-004 1.3579e+007 2.6710e-004 9.8826e+000 
1.1300e+001 4.1810e+011 8.2239e+000 3.0429e+005 
1.4000e-002 5.1800ec008 1.0189e-002 3.7699e+002 
1.1300e+001 4.1810e+011 8.2239e+000 3.0429e+005 
1.1300e+001 4.1810e+011 8.2239e+000 3.0429e405 

Bu i 1 dup 
The material reference is : Shield 2 

Integration Parameters 
X Direction 10 
Y Direction 20 
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-- 
Z Direction 20 

Enersy 
- MeV 

0.03 
0.04 
0. OS 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 3- - (336.28,762,45.72) cm 
Act ivitv Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR / hr 
No Buildup With Buildup No Buildug 

2.330e+10 2.625e-55 4.306e-24 2.602e-57 
5.603e+09 6.368e-28 2.746e-24 2.816e-30 
2.678e+07 3.866e-20 3.709e-19 1.030e-22 
2.096e+08 3.652e-09 2.548e-07 5.587e-12 
3.538et07 2.701e- 07 2.960e-05 4.768e-10 

3.696e+06 1.924e-06 1 .082e-04  3.749e-09 
1.320e+06 2.410e-06 9.913e-G5 4.730e-09 
3.560e+11 1.75Oe+OO 5.530e+01 3.416e-03 
2.14&+08 4.756e-03 9.909e-02 9.046e-06 
4.552e+09 3. G76e-01 4.654e+O0 5.670e-04 
4*594e+09 2.056et-00 1.836e+01 3.460e-03 

4.807e+03 4.653e-10 3.735e-08 8.826e-13 

Exposure Rate 
mR/hr 

With Buildup 
4.267e-26 
1.215e-26 
9.880e-22 
3.898e-10 
5.224e-08 
7.085e-11 
2.108e-07 
1.946e-07 
1.079e-01 
1.885e-04 
8.578e-03 
3.089e-02 

TOTALS: 3.945e+11 4.119e+00 7.841e+01 7.452e-03 1.476e-01 

Enersv 
- MeV 

,Q . 03 
0.04 
0 - 0 5  
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 2 - (336.28,670,45.72) cm 
Act i v i  t v Fluence R a t e  Fluence Rate Exposure R a t e  

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No BuilduD With Buildup No Bulldm 

2.330e+10 2.625e-55 4.289e-24 2.601e-57 
5.603ei-09 6.365e-28 2.736e-24 2.815e-30 
2.678e+07 3 -  866e-20 3.709e-19 1.030~-22 
2 (. 096e+08 3.652e-09 2.548e-07 5.587e-I2 
3.538e+07 2.701e-07 2.960e-05 4.768e-10 
4.807e+03 4.653e-10 3.735e-08 8.826e-13 
3.696e+06 1.924e-06 1.082e-04 3.749e-09 
1.. 320e+06 2.410e-06 9.913e-05 4.730e-09 
3+560e+ll 1.750e+00 5.530e+01 3.416~-03 
2.148e+08 4.756e-03 9.909e-02 9.046e-06 
4.552e+09 3.076e-01 4.654e+00 5.670e-04 
4.594e+09 2.056e+OO 1.836e+01 3.460e-03 

Exposure Rate 
mR/hr 

With BuilduD 
4.251e-26 
1 -210e-26 
9.881e-22 
3.89Be-2.0 
5.224e-08 
7.085e-11 
2.108e-07 
1.946e-07 
1.079e-01 
1.885e-04 
8.578e-03 
3.089e-02 

TOTALS: 3.945e+l1 4.119e+00 7.841e+01 7.452e-03 1.476e-01 

Results - Dose Point # 3 - (336.28,578,45.72) cm 
Enersv 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 

Activitv 
photuns/sec 

Fluence Rate 
MeV/cmz/sec 
No Buildup 
2.625e-55 
6.354e-28 
3.867e-20 
3.652e-09 
2.701e-07 
4.653e-10 
1.924e-06 
2.410e-06 
1.750e+00 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
4.237e-24 
2.702e-24 

2 -548e-07 
2.96Oe-05 
3.735e-08 
I. 082e-04 
9.913e-05 
5.530e+01 

3.710~49 

Exposure R a t e  
mR/hr 

No Buildup 
2.602e-57 
2.810e-30 
1.030e-22 
5.587e-12 
4.768e-10 
8.826e-13 
3.749e-09 
4.730e-09 
3.416e- 03 

Exposure R a t e  
mR/hr 

With Buildup 
4.199e-26 
1.195e-26 
9.883e-22 
3.898e-10 
5.224e-08 
7.085e-11 
2.108e-07 
1.946e-07 
1.079e-01 
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Run Time: 10:04:57 PM ,- 

Duration: 00:01:47 

Enerqy 
- MeV 

0 . 8  
1.0 
1.5 

TOTALS : 

EnerqV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0 . 8  
1.0 
1.5 

TOTALS : 

Enersv 
MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 

1.0 
1.5 

0 . 8  

TOTALS : 

Enersv 
MeV 

0.03 
0 - 04 

Activitv Fluence Rate Fluence Rate Exposure Rate ExDosure Rate 

No Buildup With BuilduD No Buildup With Bui ldup  
photons/sec MeV/cm2/sec MeV/cm2/sec mR/hY mR/hr 

2.148e+08 4.756e-03 9 - 909e-02 9.046e-06 1.885e-04 
4.552e+09 3.076e-01 4- 653e+00 5.670e-04 8 . 5 7 7 e - 0 3  
4.594e+09 2.056e+00 1.836e-1-01 3.460e-03 3 - O89e-02 

3.945e+11 4.119e+00 7.841e+01 7.451e-03 1.476e-01 

R e s u l t s  - Dose P o i n t  # 4 - (336.28,486,45.72} crn 
Activitv Fluence Rate Fluence Rate Exoosure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No 3dildup 

2.330e+10 2.658e-55 4.144e-24 2.634e-57 
5.603e+09 6.352e-28 2.643e-24 2.809e-30 

1.029e-22 2.6i'8e+O7 3.864e-20 3.707e-19 
2.096e+08 3.652e-09 2.548e-07 5.587e-12 
3.538e+07 2.701e-07 2.96Oe-05 4.768e-10 
4.807e+03 4.653e-10 3.735e-08 8.826e-13 

1.320e+06 2.410e-06 9.913e-05 4,730e-09 
3.560e+ll 1.750e-1-00 5.529e+01 3.415e-03 

4.552e+09 3.076e-01 4.652e+00 5.669e-04 
4.594e+09 2.055e+00 I. 835e-1-01 3.458e-03 

3.696e+06 1.924e-06 1.082e-04 3.749e-09 

2.148e+08 4.756e-03 9.907e-02 9.046e-06 

Results - Dose Point # 5 - (336.28,394,45.72) crn 
Activitv 

photons/sec 

3.945e+11 

Fluence Rate 
MeV/cmz/sec 
No Buildup 
2.675e-55 
6.344e-28 

3.652e-09 
3.863e-20 

2.701~~-07 
4.653e-10 
1.924e-06 
2.409e-06 
1.749e+DO 

3.073e-01 
2.051e+00 

4.753e-03 

4.113e+00 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
4.001e-24 
2.552e-24 
3.706e-19 
2.548e-07 
2.96Oe-05 
3 -734e-08 
1.081e-04 
9.908e-05 
5.526e+01 
9.896e-02 
4.644~00 
1.828e+01 

7.828e+01 

ExRosure Rate 
rnR/hr 

No Buildup 
2.651e-57 
2.806e-30 
1.029e-22 

4.768e-10 
8.826e-13 
3.749e-09 
4.729e-09 
3.414e-03 
9.040e-06 
5.664e-04 
3.451e-03 

5.587e-12 

7.441e-03 

ExRosure Rate 
mR/hr 

With Buildup 
4.107e-26 
1.169e-26 
9.875e-22 
3.899e-10 
5.224e-08 
7.085e-11 

1.946e-07 
1.079e-01 

8.575e-03- 
3.087e-P 

2.108e-07 

1.884e- 04 

1.476e-01 

Emosure Rate 
mR/hr 

With Buildup 
3.965e-26 
1.129e-26 

3.899e-10 
5.224e-08 

2 .lWe-07 
1.945e-07 

1.882e-04 
8.560e-03 

9.874e-22 

7.084e-11 

1.07%-01 

3.076e-02 

1.474e-01 

R e s u l t s  - Dose P o i n t  # 6 - (336.28,302,45.?2) cm 
Act ivitv Fluence R a t e  Fluence Rate Exposure Rate Emosure Rate 

photons/sec MeV/cmz/sec MeV/cm2/sec mR/hr mR/hr 
No BuilduD With Buildun No Buildup With Buil?- 

2.330e+10 2.672e-55 3.793e-24 2.648e-57 3.759e-2 
5.603e+09 6.343e-28 2.419e-24 2.805e-30 1.070e-26 
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Bun T i m e :  10:04:57 PM 

i ra t ion :  00:01:47 

Enersv 
M e V  

0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0 . 6  
0 .8  
1.0 
1.5 

Activity 
photons/sec 

2.678e1-07 
2.096e+O8 
3.538e+07 
4.807e+03 
3.696e+06 
1.320e+06 
3.560e+ll 
2.148e+08 
4.552e+09 
4 - 594e+09 

Fluence Rate 
MeV/cm2/sec 
No Buildup 
3.863e-20 
3.652e-09 
2.700e-07 
4.649e-10 
1.921e-06 
2.404~-06 
1.744e-tOO 
4.732e-03 
3.054e-01 
2.031e+00 

TOTALS: 3.945e+l1 4.O86e+00 

Fluence R a t e  
MeV/cm*/sec 
With Buildup 

3.707e-19 
2.548e-07 
2.957e-05 
3.728e-08 
1.078e-04 
9.871e-05 
5.49S~e+Ol  
9.828e-02 
4.602e+00 
1.803e+C11 

7.773e+01 

Exposure Rate 
mR/hr 

No Buildup 
1.029e-22 
5.587e-12 
4.766e-10 
8.8L8e-13 
3.743e-09 
4.719e-09 
3.405e-03 
9.001e-06 
5.630e-04 
3.417e-03 

7.394e-03 

Exnosure Rate 
mR/hr 

With Buildup 
9. E74e-22 
3.898e-10 
5.220e-08 
7.072e-11 
2.101e-07 

1.073e-01 
1.869e-04 
8.483e-03 
3.034e-02 

1.93863-07 

1 -463e-01 



Microshield v5.01 (5.01-00121) 
Lockheed Martin Idaho Technologies Company ,- - Page : 1  File R e f :  

DOS F i l e :  PM2A709.MS5 D a t e :  6 j - a ”  
Run D a t e :  November 30, 2003 B y :  -- 
Run Time: 9 : 5 6 : 4 1  PM Checked : 
Dilratlon: 00 : 01: 3 9  

Case Title: Tank 709 
Description: Rad field from 709 tank sediment at edge of pit (66’) - 

Geometry: 13 - 

Nuclide 
Ba-137m 
CO-60 
CS-134 
CS-137 
ELI- 154 
Sr-90 
Y - 9 0  

- - 
Rectangular Volume 

Source Dimensions 
Length 9.86 cm 3.9 in 
Width 91.44 cm 3 ft 
Height 1.5e+3 cm 50 ft 

Dose Points 

# 1 2021.86 cm 762 cm 45772 cm 
66 ft 4.0 in 25 ftl ft 6.0 in 

# 2 2 0 2 1 . 8 6  cm 670 cm 45.72 cm 
66 ft 4.0 in21 ft 11.8 in1 ft 6.0 in 

# 3 2021.86 cm 578 em 45.72 cm 
66 ft 4.0 in18 ft 11.6 in1 ft 6.0 in 

# 4 2 0 2 1 . 8 6  cm 486 crn 45.72 cm 
66 ft 4.0 in15 ft 11.3 i n 1  ft 6.0 in 

# 5 2021.86 cm 394 c m  4 5 . 7 2  cm 
66 f t  4.0 in12 ft 11.1 in1 ft 6 . 0  j ,  

# 6 2021.86 cm 3 0 2  cm 45.72 
66 ft 4.0 ir_ 9 ft 10.9 i n 1  ft 6.0 

X x z 

Shields 
S h i e l d  N a m e  Dimension Mater ia lDens i ty  
Source 1 . 3 7 e + 0 6  c m 3 C o n c r e t e  2 
Shield 1 2012.0 cm A i r  0.0011 

A i r  0.0011 Air Gap 

Source Input 
Grouping Method : Standard Indices 

Lower Energy Cutoff : 0.015 
Photons < 0.015 : Excluded 

Library : Grove 

Number of Groups : 25 

curies becwerels pCi/cm3 Ba/cm3 
1 . 0 6 9 5 e + 0 0 1  3.9553ec011 7.7800e+000 2.8786e+005 
1.1870e-00i 4 . 3 9 1 % + 0 0 9  8 . 6 3 8 8 e - 0 0 2  3 . 1 9 6 4 e + 0 0 3  
3.6700e-004 1.3579e+007 2.671De-004 9.8826e+000 
1.1300e+001 4. >810e+011 8.2239e+000 3.0429e+OO5 
1 . 4 5 0 0 e - 0 0 2  5 . 1 8 0 0 e + 0 0 8  1.0189e-002 3 . 7 6 9 9 e + 0 0 2  
1.1300e+001 4.1810e+021 8.2239e+000 3.0429e+005 
1.1300e+001 4.1810e+011 8.2239ei000 3 . 0 4 2 9 e + 0 0 5  

X 
Y 
Z 

Buildup 
The material reference is : Shield 1 

Integration Parameters 
Direct ion 1 0  
Direction 2 0  
Direction 20 



Page : 2  
DOS File: PM2A709.MS5 
Run Date: November 30, 2003 
miin Time: 9:56:41 PM 

ration: 00:01:39 
. -  

Results - Dose Poin t  # 1 - (2021.86,762,45.72) cm 
Enerqv Act ivi tv Fluence Rate Fluence Rate Exposure Rate Ex-msure Rate 

No Buildup With Buildup No Buildup With Buildup 
- MeV photons/sec MeV/cmz/sec MeV/cm2/sec mWhr mR/hr 

0.03 2.330eclO 2.735e-01 8.010e-09 2.710e- 03 7.939e-03 
0.04 5.603et09 2 -177e-01 1.028e+00 9.630e- 04 4.547e- 03 
0.05 2.678e+07 2.184e-03 1.4aOe-02 5.831e-06 3.837e-05 
0.1 2.096e+08 7.875e-02 5.376e- 01 1.20%-04 8.225e-04 
0.2 3.538e+07 3 . 6 6 8 e - 0 2  1.436e-01. 6.474e-05 2.535e- 04 
0.3 4.807e+03 8.694e-06 2.581e-05 1.649e-08 4.896e-08 
0 - 4  3.696e-tO6 9.885e-03 2.478e-02 1.926e-05 4.828e-05 
0.5 1.32Ue+06 4.776e-03 1. D66e-02 9.374e-06 2.093e-05 
0.6 3.560e+ll 1.646e+03 3.371e+03 3.213e+00 5.579e+OO 
0.8 2.148c+08 1.459e+00 2.637ec00 2.776e-03 5.017e-03 
1.0 4.552e+09 4.156e+01 6.946e;Ol 7.66le-02 1.280e-01 
1.5 4.594e+09 7.115e+01 1.050e+02 1.197e-01 1.767e-01 

TOTALS: 3.945e+11 1.761e+03 3.550e+03 3.416e+00 6,903e+00 

Enerqy 
MeV 

0.03 
3.04 
3.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 2 - (2021.86,670,45.72) crn 
Activity Fluence R a t e  Fluence R a t e  Exposure Rate Exposure R a t e  

No Buildup With 3uildm No Buildup With Buildup 
photons/sec MeV/cm2/sec MeV/cmz/sec mR/hr mR/hr 

2.33Oe+10 2.727e-01 7.988e-01 2.702e-03 7.917e-03 
5.603el-09 2.171e-01 1.026e+00 9.604e-04 4.536e-03 

3.827e-05 2.678e+07 2.183e-03 1.437e-02 5.615e-06 
2.096e+O8 7.855e-02 5.365e-01 1.202e-04 8.208e-04 
3.538e+07 3.659e-02 1.434e-01 6.458e-05 2.531e-04 
4.807e+O3 8.674e-Of; 2.576e- 05 1.645e- 08 4.887e-08 

4.819e-05 3.696e+05 9.862e-03 2.473e-02 2.922e-05 
1.320e+06 4.765e-03 1.064e-02 9.353e-06 2.089e-05 
3.560e+ll 1.643e+03 3.364e+03 3.2O6e+00 6.567@+00 
2.148e+08 lm456e+00 2.633e+00 2.769e-03 5.007e-03 

4.594@+09 7.102e+01 1.048e+02 1.19%-01 1.763e-01 
4.552e+09 4.147e+D1 6.933e+01 7.644e-02 1.278e-01 

TOTALS: 3.945et11 1.757e+03 3.544e+03 3.409e+00 6.890e+00 

Results - Dose Point # 3 - (2021.86,578,45.72) cm 
Enerqv Activity Fluence R a t e  Fluence Rate Exposure Rate Exposure Rate 

No BuilduD With Buildup No Buildup With Buildup 
mWhr Me'V photons/sec MeV/cm2/sec MeV/cm*/sec rnR/hr  

0.03 2.330e+10 2.703e-01 7.923e-01 2.679e-03 7.852e-03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
3.8 
1.0 

5.603e+09 
2.678e+O7 
2.096e-tOB 
3.538et07 
4.807e+03 
3.696et06 
1.320e+06 
3.560e+ll 
2.148e+08 
-1.552e+09 

2.154e-01 
2.165e-03 
7.795e-02 
3.632e-02 
8.612e-06 
9 . 7 9 4 e - 0 3  
4.732e-03 
1.631e+03 
1.446e+00 
4.120et01 

l1018e+00 

5.332e-01 
1.426e- 01 
2.562e-05 
2.459e-02 
1.058e-02 
3.345e+03 
2.618e+OR 
6.895e+01 

l.426e-02 
9.524e- 04 
5 . 7 6 8 e - 0 6  
1.193e-04 
6.411e-05 
1.634e-08 

9.288e-06 
3.184e+00 
2.751e-03 
7.595e-02 

1.9R8e-05 

4.501e-03 
3.799e-05 
8.158e-04 
2.516e-04 
4.859e-08 
4 , 7 9 2 e - 0 5  
2.077e-05 
6.53Oe+O0 
4.979e-03 
1.271e-01 



Page : 3  
DOS File: PM2A709.MS5 
Run Date: November 30, 2003 
Run Time: 9:56:41 PM 
Duration: DO:01:39 

Enerqv Activity Fluence Rate Fluence Rate ExDosure Rate Exposure R a t e  

No Buildup With Buildup No Buildup With Buildup 
- MeV photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr mR/hr 

1.5 4.594e+09 7.057ecO1 l.O42e+02 1.187e-01 1.754e-01 

3.386e+00 6.851e+00 TOTALS: 3.945€+11 1.745e+03 3.524e+03 

Enerqv 
pkJ 

0.03 
o.c.4 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose P o i n t  # 4 - (2021.86,486,45.72) cm 
Act ivitv Fluence Rate Fluence Rate E x m s u r e  Rate Exposure R a t e  

No Buildup With Builduo No Buildup With Buildup 
photons/sec MeV/cm2/sec MeV/crn2/sec mR/hr mR/hr 

2.330e+10 2.664e-01 7.815e-01 2.640e-03 7.746e-03 
5 . 6 0 3 e + 0 9  2.124e-01 1.005e+OO 9 . 3 9 4 e - 0 4  4.444e-03 
2.678e+07 2.136e-03 1.409e-02 5.691e-06 3.752e-C5 
2.096e+08 7.696e-02 5.278e-01 1.177e-04 8.075e-04 
3.538e+07 3.588e-02 1.412e-01 6.333e-05 2.493e- 0 4  
4.807e+03 8.510e-06 2.538e-05 1.614e-08 4.814e-08 
3.696e+06 9.681e-03 2.436e-02 1.886e-05 4.747e-05 
1.320e+06 4.678e-03 1 . 0 4 8 e - 0 2  9.183e-06 2. Q58e-C5 

3.149e+OC 6.469e+00 3,56Oe+ll 1.613e+03 3.314e+03 
2.148e+08 1.431e-i-00 2.594e+00 2.721e-03 . 4.933e-03 
4.552e+O,C 4.O76e+01 6.831e+01 7.514e-02 1.259e-01 

1.738e-01 4.594e+09 6.984e+01 1.033et-02 1 - 175e-01 

TOTALS: 3.945e-1-11 1.726e+03 3.491e+03 3*348e+00 6.787e+OC 

Enerqv 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

TOTALS : 

Results - Dose P o i n t  # 5 - (2021.86,394,45.72) cm 
Activity Flxence Rate Fluence Rate Exposure Rate Exposure Rate 

No Buildup With Buildup No Buildup With Buildup 
photons/sec MeV/cm*/sec MeV/cm2/sec mR/hr m/hr 

2.330e+l0 2.611e-01 7.668e-0: 2.587e-03 7.529e-03 
5 - 603e+09 2.084e-01 9.87Oe-01 9.215e-04 4 -33’5e-03 
2.678e+07 2 . 0 9 7 e - 0 3  1.385e-02 5.585e-06 3.688e-05 

3.538e1-07 3.528e-02 1.394e-01 6.226e-05 2.460e-04 
4.807e+03 8.371e-06 2.505e-05 1.588e-08 4. ?51e-08 
3.696e+06 9.525e-03 2.405e-02 1 - 856e-05 4.686e-05 

9.038e-06 2.031e-05 1.320e+06 4.605e-03 1.035e-02 
3.56Oe+ll 1.588e+03 3.271e+03 3 . 1 0 0 e + 0 0  6.386e+00 
2.148e+08 1.409e+O0 2.560e+DO 2.680e-03 4.869e-03 
4.552e+09 4.016e+01 6.743e+01 7.402e-02 1.243e-01 

1 .?15e-01 4.594e+09 6.884e+01 1.020e+G2 1.158e-01 

2.096e+08 7.560e-02 5.204e-01 1.157e-04 7.962e-04 

3.945etll 1.699e+03 3.446e+03 3.296e+00 6.699e+OO 

Results - Dose Point # 6 - (2021.86,302,45.72) cm 
Enersv Activity Fluence Rate Fluence Rate Exposure Rate Exposare Rate 

MeV photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr mR/hr 
No Buildup With Buildup No Buildu;c, With Buildun 

0.03 2.330e+10 2.544e-01 7.483e-01 2.521e-03 7.416e-C3 
0.04 5 .603e+09  2.033e-01 9.647e-01 8.992e-04 4 . 2 6 7 e - 0 3  - 
0 . 0 5  2.678e+07 2.047e-C3 1.354e- 02 5 .452e-06  3.608e-OE 
0.1 2.096e+08 7.390e-02 5. llle- 01 1.131e-04 7.819~-04 



Page : 4  
DOS File: PM2A709.MS5 
Run Date: November 30, 2003 
Run Time: 9:56:41 PM 

-ation: 00:01:39 

Enerqy 
- MeV 

0.2 
0.3 
0.4 
0.5 
0.6 
0 . 8  
1.0 
1.5 

Activity 
photons/sec 

Fluence Rate 
MeV/cm*/sec 
No Buildup 
3.452e-02 
8.196e-06 
9.330e-03 
4.512e-03 
1.557e+03 
1.382e+00 
3.939e+01 
6.758e+01 

TOTALS: 3.945e4-11 1.666e+03 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
1.371e-01 
2.463e-05 
2.365e-02 
1.018e-02 
3.218e+03 
2.518et00 
6.633e+01 
1.003e4-02 

3.389e+03 

Exposure Rate 
mR/hr 

No Buildup 
6.093e-05 

1.818e-05 
8.857e-06 
3 . 0 3 9 e + 0 0  
2.628e-03 
7.262e-02 
1.137e- 01 

1.555e-08 

3.231e+00 

Exposure Rate 
mR/hr 

With Buildup 
2.419e-04 
4.672e-08 
4.608e-05 
1.997e-05 
6.280e4-00 
4.789e-03 
1.223e-01 
1.688e-01 

6.589e+00 
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Microshield v 5 . 0 1  (5.01-00121) 
Lockheed Martin Idaho Technologies Company 

Page 
DOS File: 
Run Date: 
Run Time : 
Duration: 

i 
PM2AWB. MS5 
June 12, 2003 
11:02:14 PM 
00: 00: 15 

Case Title: 

File R e f :  
D a t e :  
By : 

Checked: 

Description: Rad Field due to waste bin with 40 % of Tank Sludge 
Geometry: 13 - Rectangular Volume 

Y 

X 

L 

Source Dimensions 
Length 182.9 cm 6 f t  0.0 in 

1 2  ft 0.0 in Width 365.8 cm 
Height 200.0 cm 6 ft 6.7 in 

Dose Points 
X - Y z 

# 1 214.015 cm 100 cm 187.9 cm 
7 ft 0.3 in 3 ft 3.4 in 6 ft 0.0 in 

Shields 
Shield Name Dimension MaterialDensity 
Source 1.34e+07 cm3 Concrete0.605 
Shield 1 .635 cm Iron 7.86 
Shield 2 30.48 cm A i r  0.0011 
A i r  Gap A i r  0.00122 

Nuclide 
Ba-137m 
C O - 6 0  
CS-134 
CS-137 
Eu-154 
Sr-90 
Y-90 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons e 0.015 : Excluded 

Library : Grove 
curies becquerels pCi/crn3 Bq/cm3 

5.5300e+000 2.0461e+011 4.1327e-001 1.5291e+004 
1.1400e-001 4.2180e+009 8.5196e-003 3.1522e+002 

5.8460e+000 2.1630e+011 4.3689e-001 1.6165e+004 
3.1400e-002 1.1618e+009 2.3466e-003 8.6825e+001 
2.0740e+001 7.6738e+011 1.5500e+000 5.7349e+004 
2.0740e+001 7.6738e+011 1.5500e+000 5.7349e+004 

Bu i 1 dup 
The material reference is : Shie ld  2 

Integration Parameters 
X Direction 10 
Y Direction 20 
Z Direction 20 

Results 
Enerqy Activity Fluence Rate Fluence Rate Exposure Rate Exposure Rate 

No Buildup With Buildup No Buildup With Buildup 
pleJ photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr mR/hr 

0.03 1.205e+10 2.347e-18 7.441e-17 2.326e-20 7.375e-19 
0.04 3.081et09 1.957e-08 1.341e-06 8.654e-11 5.930e-09 



Page : 2  
DOS File: PM2AWB.MSS 
Run Date: June 12, 2003 
Run Time: 11:02:14 PM 
Duration: 00:00:15 

Enerqy 
MeV - 
0.05 
0.1 
0.2 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Activitv 
photons/sec 

6.006e+07 
4.701e+08 
7.934e+07 
8.289e+06 
2.516e+06 
1.842et11 
4.531et08 
4.575e+09 
4.671e+09 

Fluence Rate 
MeV/cm2/sec 
No Buildup 
4.358e-06 
9.315e-01 
1.821e+00 
7.120e- 01 
3.183e-01 
3.187e+04 
1.282et02 
1.894et03 
3.839e+03 

Fluence Rate 
MeV/cm2/sec 

With Buildup 
4.002e-04 
2.815e+01 
1.781e+01 
3.634e+00 
1.38Oe+00 
1.220et05 
4.102e+02 
5.365e+03 
8.937e+03 

Exposure Rate 
mR/hr 

No Buildup 
1.161e-08 
1.425e-03 
3.214e-03 
1.387e-03 
6.248e-04 
6.221e+01 
2.438e-01 
3.492e+00 
6.458e+00 

TOTALS: 2.097e-t-11 3.774e+04 1.368e+05 7.241e+01 

Exposure Rate 
m R / h r  

With Buildup 
1.066e-06 
4.306e-02 
3.143e-02 
7.081e-03 
2.708e-03 
2.382e+02 
7.803e-01 
9.890e+00 
1.504e+01 

2.639e+02 



Page 
DOS File: 
Run Date: 
Run Time: 
Duration : 

Microshield v 5 . 0 1  (5.01-00121) 
Lockheed Martin Idaho Technologies Company 

1 File R e f :  
PX2AWB. MS5 Date: 
June 12, 2003 By : 
11:21:04 PM Checked: 
00: O O : 1 6  

Case Title: 
Description: Rad Field due to waste bin with 40 % of TS/DE-6" conc. 

Geometry: 13 - Rectangular Volume 

Y 

L 

Nuclide 
Ba-137m 
CO-60 
CS-134 
CS-137 
Eu-154 
Sr-90 
Y-90 

Source Dimensions 
Length 182.9 cm 6 ft 0.0 in 
Width 365.8 cm 12 ft 0.0 in 
Height 200.0 cm 6 ft 6.7 in 

Dose Points 

# 1 199.775 cm 100 cm 182.9 cm 
6 ft 6.7 in 3 ft 3.4 in 6 ft 0.0 in 

x - Y Z 

Shields 
Shield Name Dimension MaterialDensity 
Source 1.34e+07 cm3 Concrete0.605 
Shield 1 . 6 3 5  cm Iron 7.86 
Shield 2 15.24 cm Concrete 2.35 
Shield 3 1.0 em Air 0.0011 
Air Gap Air 0.00122 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower E n e r g y  Cutoff : 0.015 
Photons e 0.015 : Excluded 

L i b r a r y  : Grove 
curies becquerels pCilcrn3 Bs/cm3 

5.5300e+000 2.0461e+011 4.1327e-001 1.5291e+004 
1.1400e-001 4.2180e+009 8.5196e-003 3.1522e+002 

5.8460e+000 2.1630e+011 4.3689e-001 1.6165e+004 
3.1400e-002 1.1618e+009 2.3466e-003 8.6825e+001 
2.0740e+001 7.6738e+011 1.5500e+000 5.7349e+004 
2.0740e+001 7.6738e+011 1.5500e+000 5.7349e4-004 

Buildup 
The material reference is : Shield 2 

Integration Parameters 
X Direction 10 
Y Direction 20 
Z Direction 20 

Results 
Enerqv Activity Fluence Rate Fluence Rate Exposure Rate Exposure Rate 

No Buildup With Buildup No Buildup With Buildup 
MeV photons/sec MeV/cmz/sec MeV/cm2/sec mR/hr mR/hr 

0.03 1.205e+10 2.736e-36 2.884.e-23 2.71le-38 2.858e-25 



Page : 2  
DOS File: PM2AWB.MS5 
Run Date: June 12, 2003 
Run Time: 11:21:04 PM 
Duration: 00:00:16 

Enerqy 
MeV 

0.04 
0.05 
0.1 
0.2 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

TOTALS : 

Activity 
photons/sec 

2.097e+ll 

Fluence Rate 
MeV/cmz/sec 
No Buildup 
1.569e-17 
4.334e-12 
7.160e-04 
6.463e-03 
7.812e-03 
4.923e-03 
6.47le+02 
3.944e+00 
7.946e+01 
2.730e+02 

1.004e+03 

Fluence Rate 
MeV/cm*/sec 
With Buildup 
6.303e-17 
3.134e-11 
1.761e-02 
1.749e-01 
1.295e-01 
6.626e-02 
7.301e+03 
3.379e+01 
5.524e+02 
1.338e+03 

9.226e+03 

Exposure Rate 
mR/hr 

No Buildup 
6.939e-20 
1.155e-14 
1.095e-06 
1.141e-05 
1.522e-05 
9.663e-06 
1*263e+00 
7.503e-03 
1.465e-01 
4.592e-01 

1.876e+OO 

Exposure Rate 
mR/hr 

With Buildup 
2.787e-19 
8.347e-14 
2.694e-05 
3.086e-04 
2.524e-04 
1.301e- 04 
1.425e+01 
6,426e- 02 
1.018e+O0 
2.251e+00 

1.759e+01 



Microshield v5.01 (5.01-00121) 
Lockheed Martin Idaho Technologies Company 

Page : 1  File Ref: 
DOS File: PM2AWB.MSS Date: 
Run Date: June 12, 2003 By : 
Run Time: 11:28:58 PM Checked : 
Duration: 00:00:16 

Case Title: 
Description: Rad Field due to waste bin with 40 % of TS/DE-9” conc. 

Geometry: 13 - Rectangular Volume 

Y 

L 

Nuclide 
Ba-137m 
C O - 6 0  
CS-134 
CS-137 
Eu- 154 
Sr-90 
Y-90 

Source Dimensions 
Length 182.9 cm 6 ft 0.0 in 
Width 365.8 ern 12 ft 0.0 in 
Height 200.0 cm 6 ft 6.7 in 

Dose Points 

# 1 207.396 cm 100 cm 185.9 cm 
6 ft 9.7 in 3 ft 3.4 in 6 ft 0.0 in 

X - Y Z 

Shields 
Shield Name Dimension MaterialDensity 
Source 1.34e+07 cm3 Concrete0.605 
Shield 1 .635 cm Iron 7.86 
Shield 2 22.86 cmConcrete2.35 
Shield 3 1.0 cm Air 0.0011 
Air Gap A i r  0.00122 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons e 0.015 : Excluded 

Library : Grove 
curies becquerels y~i/cm3 Bq/cm3 

5.5300e+000 2.0461e+011 4.1327e-001 1.5291e+004 
1.1400e-001 4.2180e+009 8.5196e-003 3.1522e+002 

5.8460e+000 2.1630e+011 4.3689e-001 1.6165e+004 
3.1400e-002 1.1618e+009 2.3466e-003 8.6825e+001 
2.0740e+001 7.6738e+011 1.5500e+000 5.7349e+004 
2.0740e4-001 7.6?38e+011 1.5500e+000 5.?349e+004 

Buildup 
The material reference is : Shield 2 

Integration Parameters 
X Direction 10 
Y Direction 20 
Z Direction 20 

Results 
Enersv Activity Fluence Rate Fluence Rate Exposure Rate Exposure Rate 

No Buildup With Buildup No Buildup With Buildup 
MeV photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr mR/hr 

0.03 1.205e+10 2 - 694e-45 2.582e-23 2.669e-47 2.559e-25 



Page : 2  
DOS File: PM2AWB.MS5 
Run Date: June 12, 2003 
Run Time: 11:28:58 PM 
Duration: 00:00:16 

Enerqy 
MeV 

0.04 
0.05 
0.1 
0.2 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

TOTALS : 

Act ivi t y 
photons/sec 

2.097e+ll 

Fluence Rate 
MeV/cm2/sec 
No Buildup 
4.414e-22 
4.758e-15 
2.590e-05 
5.206e-04 
1.071e-03 
7.885e-04 
1.171et02 
8.581e-01 
1.978e+01 
8.506e+01 

2.228e+02 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
1.813e-21 
3.943e-14 
9.256e- 04 
2.273e-02 
2.726e-02 
1.579e-02 
1.913e+03 
1.019e+01 
1.843e+02 
5.284e+02 

2.636e+03 

Exposure Rate 
mR/hr 

No Buildup 
1.952e-24 
1.267e-17 
3.963e-08 
9.188e-07 
2.086e- 06 
1.548e-06 
2.286e-01 
1.632e-03 
3.647e-02 
1.431e-01 

4.098e-01 

Exposure Rate 
mR/hr 

With 3uildup 
8.020e-24 
1.050e-16 
1.416e-06 
4.Olle-05 
5.312e-05 
3.099e-05 
3.734e+00 
1.938e-02 
3.397e-01 
8.891e-01 

4.982e+00 



Page : 2  
DOS Fll?: PM2AWBB. MS5 
Run Date: November 20, 2003 
Run Time: 8:55:28 AM 
Deration: 00:00:16 

Enerqy 
MeV 

0. 05 
0.1 
0.2 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Activity 
photons/sec 

1.220e+07 
9.548e+07 
1.612e+07 
1.684e+06 
5.109e+05 
3.741e+10 
9.202?+07 
9.293e+08 
9.48 8e+08 

Fluence Rate 
Kevlcmilsec 
No Buildup 
5.379e-06 
9.563e-01 
1.876e+00 
7.474e-01 
3.362e-01 
3.384e+G4 
1.372e+C2 
2.OrOe+@3 
4.1?1e+@3 

TOTALS: 4.258e+10 4. G19e+04 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
6.824e-06 
1.729e+OO 
4.997e+00 
2.204e+00 
9.629e-01 
9.317e+04 
3.493e+02 
4. 845eT03 
8.670e+03 

l.O70e+05 

Exposure Rate 
rnR/hr 

No Buildup 
1.433e- 08 
1.463e-03 
3.311e-03 
1.456e-03 
6.600e-04 
6.605e-t-01 
2.610e-01 
3.760e+00 
7. 018e+00 

7.7092+01 

Exposure Rate 
~ 

mR/hr 
With Buildup 
1.818e-08 

8.820e-03 

1.89Oe-03 
1.819e+02 
6.645e-01 
8.932e+00 
1.459e+01 

2.6452-03 

4.294~-03 

2.061e+02 

, 



Microshield v 5 . 0 1  (5.01-00121) 
Lockheed Martin Idaho Technologies Company 

Page : 1  File Ref: 
DOS File: PM2AWBB.MS5 
Run Date: November 30, 2003 
Run Time: 9:34:56 PM 
Duration: 00:00:16 

Case Title: 
Description: Rad Field due to waste bin with 1/8" Pb for D. Kenoyer 

Geometry: 13 - Rectangular Volume 

. .  Source Dimensions 
Y 

L 

Nuclicz 
Ba-137m 
CO-60 
CS-134 
CS-137 
EU-154 
Sr-90 
Y-90 

Length 121.9 cm 3 ft 12.0 in 
Width 182.9 cm 6 ft 0.0 in 
Height 121.9 cm 3 ft 12.0 in 

Dose Points 
Y - X 

# 1 123T86 cm 61 cm 
z 

9 1 . 4  c m  
4 ft 0.8 in 2 ft 0.0 in 2 ft 12.0 in 

Shie lds  
Shield Name Dimension MaterialDensitv 
Source 2.72e+06 ~rn~ConcreteO.605 
Shield 1 .635 cm Iron 7.86 
Shield 2 .318 cm Lead 11.34 
Shield 3 1.0 cm A i r  0.0011 
Air Gap Air 0.00122 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons e 0.015 : Excluded 

Library : Grove 
Bq/cm3 curies becquerels p~i/cm3 

1.1232e+000 4.1559e+010 4.1327e-001 1.5291e+004 
2.3155e-002 8.5672e+008 8.5196e-003 3.1522e+002 

1.1874e+000 4.3933e+010 4.3689e-001 1.6165e+004 
6.3777e-003 2.3597e+008 2.3466e-003 8.6825e+001 
4.2125e+000 1.5586e+Oll 1.5500e+000 5.7349e+004 
4.2125e+000 1.5586e+011 1.5500e+000 5.7349e+004 

3uildup 
The material reference is : Shield 2 

Integration Parameters 
X Direction 
Y Direction 
Z Direction 

10 
20 
20 

Results 
Enerqy Act ivi tv Fluence Rate Fluence Rate Exposure R a t e  ExPosure Rate 

No Buildup With Buildup No Buildup With Buildup 
rnR/hr 

1.134e-25 

MeV photons/sec MeV/cm*/sec MeV/cm2/sec mR/hr 

0.03 2.448e+09 8.958e-66 1.145e-23 8.878e-68 



Page : 2  
DOS File: PM2AWBB.MS5 
Run Date: November 30, 2003 
Run Time: 9:34:56 PM 
Duration: 00:00:16 

Enerqy 
MeV 

0.04 
0.05 
0.1 
0.2 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Activity 
photons/sec 

Fluence Rate 
MeV/cmz/sec 
No 3uildup 
1.384e-30 
2.299e-18 
5.778e-10 
2.341e-02 
2.236e-01 
1.398e-01 
1.674e+04 
8.094e+01 
1.315e+03 
2.959e+03 

TOTALS: 4.258e+10 2.110e+04 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
4.011e-24 
2.477e-18 
1.031e-03 
3.038e-02 
3.030e-01 
2. 001e-01 
2.487e+04 
1.274e+02 
2.127e+03 
4.717e+03 

3.184e+04 

Exposure Rate 
mR/hr 

No Buildup 
6.120e-33 
6.124e-21 
8.839e-13 
4.133e-05 
4.357e-04 
2.744e-04 
3.268e+01 
1.540e-01 
2.424e+00 
4.979e+00 

4.023e+01 

Exposure Rate 
mR/hr 

With Buildup 
1.774e-26 
6.598e-21 
1.577e-06 
5.361e-05 
5.903e-04 
3.929e-04 
4.854e+01 
2.423e-01 
3.921e+00 
7.936e+00 

6.O65e+01 



Microshield v5.01 (5.01-00121) 
Lockheed Martin Idaho Technologies Company 

Page : 1  File Ref: 
DOS File: PM2AWBB.MS5 Date: 
Run Date: November 30, 2003 By : 
Run Time: 9:39:22 PM Checked : 
Duration: 00:00:17 

Case Title: 
Description: Rad Field due to waste bin with 1/4” Pb for D. Kenoyer 

Geometry: 13 - Rectangular Volume 

Y 

X 

L 

Source Dimensions 
Length 121.9 cm 3 ft 12.0 in 
Width 182.9 cm 6 ft 0.0 in 
Height 121.9 cm 3 ft 12.0 in 

Dose Points 
X - Y Z 

# 1 124y28 crn 61 cm Gi.4 cm 
4 ft 0.9 in 2 ft 0.0 in 2 ft 12.0 in 

Shields 
Shield Name Dimension MaterialDensitv 
Source 2.72e+06 cm3 Concrete0.605 
Shield 1 -635 cm Iron 7.86 
Shield 2 .635 cm Lead 11.34 
Shield 3 1.0 cm Air 0.0011 
Air Gap Air 0.00122 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
L o w e r  Energy Cutoff : 0.015 
Photons e 0.015 : Excluded 

Library : Grove 
Nuclide curies becquerels pCilcrn3 Bq/cm3 
3a-137m 1.1232e+O00 4.1559e+010 4.1327e-001 1.5291e+004 
CO- 60 2.3155e-002 8.5672e+008 8.5196e-003 ‘3.1522e+002 

Cs-137 1.1874e+000 4.3933e+010 4.3689e-001 1.6165e+004 
Eu-154 6.3777e-003 2.3597e+008 2.3466e-003 8.6825e+001 
Sr-90 4.2125e+000 1.5586e+011 1.5500e+000 5.7349e+004 
Y-90 4.2125e+000 1.5586e+011 1.5500e+000 5.7349e+004 

CS-134 

Buildup 
The material reference is : Shield 2 

Integration Parameters 
X Direction 10 
Y Direction 20 
Z Direction 20 

Results 
Enersy Activity Fluence Rate Fluence Rate Exposure Rate Exposure Rate 

No Buildup With Buildup No Buildup With Buildup 
MeV photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr mR/hr 

0.03 2.449e+09 1.881e-111 1.127e-23 1.864e-113 1.117e-25 



Microshield v5.01 (5.01-00121) 

Page 
DOS File: 
Run Date: 
Run Time: 
Duration : 

Lockheed 
1 
PM2AWBB. MS5 
December 1, 2003 
10:25:44 PM 
00: 00~17 

Martin Idaho Technologies Company 
File Ref: 

Date: 
By : 

Checked: 

Case Title: 
Description: R a d  F i e l d  due to 2/3 full waste bin for D. Kenoyer 

Geometry: 13 - Rectangular Volume 

Source Dimensions .. 
Y 

X 

L 

Length 121.9 cm 3 ft 12.0 in 
182.9 cm 6 ft 0.0 in Width 

Height 81.28 cm 2 ft 8.0 in 

Dose Points 
X Y Z 

# 1 123T54 cm 40-64 cm 91.4 cm 
4 ft 0.6 in1 ft 4.0 in 2 ft 12.0 in 

Shields 
Shield Name Dimension MaterialDensity 
Source 1.81e+06 cm3 Concrete0.605 
Shield 1 . 6 3 5  cm I r o n  7.86 
Shield 2 1.0 cm Air 0.0011 
Air G a p  Air 0.00122 

Nuclide 
Ba-137m 
CO-60 
CS-134 
CS-137 
Eu-154 
Sr-90 
Y-90 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons e 0.015 : Excluded 

Library : Grove 
becquerels pCi/cm3 Bq/cm3 curies 

7.4893e-001 2.7710e+010 4.1327e-001 1.5291e+004 
1.5439e-002 5.7124e+008 8.5196e-003 3.1522e+002 

7.9172e-001 2.9294e+010 4.3689e-001 1.6165e+004 
4.2525e-003 1.5734e+008 2.3466e-003 8.6825e+001 
2.8088e+000 1.0393e+Oll 1.5500e+000 5.7349e+004 
2.8088e+000 1.0393e+011 1.5500e+000 5.7349e+004 

Buildup 
T h e  material reference is : Shield 1 

Integration Parameters 
X Direction 10 
Y Direction 20 
Z Direction 20 

Results 
Enerqy Activity Fluence Rate Fluence Rate Exposure Rate Exposure Rate 

No BuilduD With Buildup No Buildup With Buildup 
MeV photons/sec MeV/cm2/sec MeV/em2/sec rnR/hr mR/hr 

0.03 1.632e+09 1.116e-18 1.217e-18 1.106e-20 1.206e-20 
0.04 4.172e+08 2.028e-08 2.371e-08 8.969e-11 1.049e-10 



Page : 2  
DOS File: PM2AWBB.MS5 
Run Date: December 1, 2003 
Run Time: 10:25:44 PM 
Duration: 00:00:17 

Enerqy 
MeV 

0.05 
0.1 
0.2 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Activity 
photons/sec 

Fluence Rate 
MeV/cm*/sec 
No Buildup 
4.849e-06 
9.558e-01 
1.867e+00 
7.362e-01 
3.296e-01 
3.302e+04 
1.327e+02 
1.958e+03 
3.936e+03 

TOTALS: 2.839et10 3.905e+04 

Fluence Rate 
MeV/cm*/sec 
With Buildup 
6.156e-06 
1.728e+00 
4.937e+00 
2.123e+00 
9.184e-01 
8.814e+04 
3.262e-1-02 
4.48@e+03 
7.87@e+03 

1.008e+05 

Exposure Rate 
mR/hr 

No Buildup 
1.292e-08 
1.462e-03 
3.295e-03 
1.435e-03 
6.470e-04 
6.445e+01 
2.525e-01 
3.609e+00 
6.622e+00 

7.494et01 

Exposure Rate 
mR/hr 

With Buildup 
1.640e-08 
2.644e-03 
8.714e-03 
4.136e-03 
1.803e-03 
1.720e+02 
6.205e-01 
8.257e+00 
1.324e+01 

1.942e+02 



Microshield v5.01 (5.01-00121) 
Lockheed Martin Idaho Technologies Company 

Page :.1 File Ref: 
DOS File: PM2ALINE.MSS Date : 
Run Date: May 11, 2003 By : 
Run Time: 12:55:25 PM Checked : 
Duration: 0O:OO:Ol 

Case Title: 
Description: Radiation field due to vacuum line 

Geometry: 2 - Line 

Y 

Nuclide 
Ba-137m 
Co-60 
CS-134 
cs-137 
Eu-154 
Sr-90 
Y-90 

Source Dimensions 
Length 1.5e+3 cm 49 ft 2.6 in 
Angle 9 0 . 0 0  

Dose Points 
X - Y 

# 1  30.5 cm -750 cm 
1 ft 0.0 in 24 ft 7.3 in 

# 2  61 cm 750 cm 
2 ft 0.0 in 24 ft 7.3 in 

# 3  91.5 cm 750 cm 
3 ft 0.0 in 24 ft 7.3 in 

# 4  122 cm 750 cm 
4 ft 0.0 in 24 ft 7.3 in 

# 5  152.5 cm 750 cm 
5 ft 0.0 in 24 ft 7.3 in 

# 6  183 cm 750 cm 
6 ft 0.0 in 24 ft 7.3 in 

Shields 
Shield Name Dimension Material 
Shield 1 30.5 cm Air 
Air Gap Air 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower  Energy Cutoff : 0.015 
Photons c 0.015 : Excluded 

Library : Grove 
ycilcm Ba/cm curies becauerel s 

1.1700e-002 4.3290@+008 7.8000e+000 2.8860e+005 
1.3000e-004 4.8100@+006 8.6667e-002 3.2067e+003 
4.0200e-007 1.4874e+004 2.6800e-004 9.9160e+000 
1.2400e-002 4.5880e+008 8.2667e+000 3.0587e+005 
1.5300e-005 5.6610e+005 1.0200e-002 3.7740e+002 
1.2400e-002 4.5880e+008 8.2667e+000 3.0587e+005 
1.2400e-002 4.5880e+008 8.2667e+000 3.0587e+005 

Buildup 
T h e  material reference is : Shield 1 

Integration Parameters 
Length Segments 30 

Z 
0 cm 

0.0 in 
0 cm 

0.0 in 
0 cm 

0.0 in 
0 cm 

0.0 .in 
0 em 

0.0 in 
0 cm 

0.0 in 

Density 
0.0011 
0.00122 

Results - Dose Point # 1 - (30.5,750,0) cm 



Page : 2  
DOS File: PM2ALINE.MSS 
Run Date: May 11, 2003 
Run Time: 12:55:25 PM 
Duration: 00:OO:Ol 

Enerqy 
MeV 

0.03 
0.04 
0 - 05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Activity 
photons/sec 

Fluence Rate 
MeV/cm2/sec 
No BuilduD 
3.961e+00 
1.280e+00 
7.658e-03 
1.203e-01 
4.072e-02 
8.330e-06 
8.527e-03 
3.811e-03 
1.235e+03 
9.934e-01 
2.638e+01 
3.998e+01 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
4.085e+00 
1.320e+00 
7.895e-03 
1.230e-01 
4.127e-02 
8.415e-06 
8.598e-03 
3.837e-03 
1.243e+03 
9.982e-01 
2.649e+01 
4.Olle+01 

Exposure Rate 
mR/hr 

No Buildup 
3.926e-02 
5.662e-03 
2.040e-05 
1.841e-04 
7.187e-05 
1.580e-08 
1.662e-05 
7.480e-06 
2.411e+00 
1.889e-03 
4.863e-02 
6.727e- 02 

TOTALS: 4.318e+08 1.308e+03 1.316e+03 2.574e+00 

Enerqv 
MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Activity 
photons/sec 

Results - Dose Point # 2 - (61,750,O) crn 
Fluence Rate 
MeV/cm2/sec 
No Buildup 
1.888e+00 
6.139e-01 
3.681e-03 
5.802e-02 
1.967e-02 
4.028e-06 
4.126e-03 
1.845e-03 
5.983e+02 
4.814e-01 
1.279e+01 
1.940e+01 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
1.995e+00 
6.487e-01 
3.886e-03 
6.033e-02 
2.014e-02 
4.101e-06 
4.187e-03 
1.868e-03 
6.049e+02 
4.856e-01 
1.289e+01 
1.951e+01 

Exposure Rate 
mR/hr 

No Buildup 
1.871e-02 
2.715e-03 
9.806e-06 
8.876e-05 
3.471e-05 
7.640e-09 
8.039e-06 
3.621e-06 
1.168e+00 
9.157e-04 
2 -358e-02 
3 -264e-02 

TOTALS: 4.318e+08 6.336e+02 6.405e+02 1.247e+00 

Enerqv 
MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 3 - (91.5,750,0) cm 
Activity Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm*/sec MeV/cmZ/sec mR/hr 
No Buildup With Buildup No Buildup 

2.550e+07 1.203e+00 1.297e+00 1.192e-02 
6.133e+06 3.931e-01 4.240e-01 1.739e- 03 
2.926e+04 2.361e-03 2.544e-03 6.291e-06 

3.732e-02 3.937e-02 5.709e-05 2.291e+05 
3.866e+04 1.267e-02 1.309e-02 2.236e-05 
5.265e+00 2.597e-06 2.662e-06 4.926e-09 
4.039e+03 2.662e-03 2.716e-03 5.187e-06 
1.443e+03 1.191e- 03 1.211e-03 2.337e-06 
3.896e+08 3.864e+02 3.921e+02 7.541e-01 

3.148e-01 5.916e-04 2.348e+05 3.111e-01 
4.985e+06 8.268e+00 8.352e+00 1.524e-02 
5.031e+06 1.255e+01 1 264e+01 2.111e-02 

Exposure Rate 
mR/hr 

With Buildup 
4 - 049e-02 
5.840e-03 
2.103e-05 
1.882e-04 
7.283e-05 
1.596e-08 
1.675e-05 
7 - 532e-06 
2.426e+00 
1.899e-03 
4.883e-02 
6.748e-02 

2.591e+00 

Exposure Rate 
mR/hr 

With Buildup 
1 - 977e- 02 
2.869e-03 
1.035e-05 
9.230e-05 
3.555e-05 
7.779e-09 
8.158e-06 
3.666e-06 
1.181e+00 
9.237e-04 
2.375e-02 
3.282e-02 

1.261e+00 

Exposure Rate 
mR/hr 

With Buildup 
1.286e-02 
1.875e- 03 
6.776e- 06 
6.024e-05 
2.310e-05 
5.049e-09 
5.292e-06 
2.377e-06 
7.654e-01 
5.987e-04 
1.540e-02 
2- 127e- 02 



Page 
DOS File: 
Run Date: 
Run Time: 
Duration : 

Enerqy 
MeV 

TOTALS : 

Enerqy 
MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

TOTALS : 

Enersy 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

TOTALS : 

Enerqv 
MeV 

0.03 
0.04 
0.05 
0.1 

3 
PM2ALINE .MS5 
May 11, 2003 
12:55:25 PM 
00: 00: 01 

Activity Fluence Rate Fluence Rate Exposure Rate 
photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 

No Buildup With Buildup No Buildup 

4.318e+08 4.091e+02 4.152e+02 8.048e-01 

Results - Dose Point # 4 - (122,750,O) cm 
Activity Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

2.550e+07 8.631e- 01 9.481e-01 8.554e-03 
6.133e+06 2.834e-01 3.113e-01 1.253e-03 
2.926e+04 1.706e- 03 1.870e-03 4.543e-06 
2.291e+05 2.701e-02 2.887e-02 4.132e-05 
3*866e+04. 9.184e-03 9.564e-03 1.621e-05 
5.265e+00 1.884e-06 1.943e-06 3.574e-09 
4.039e+03 1.932e-03 1.981e- 03 3.765e-06 
1.443e+03 8.648e-04 8.832e-04 1 697e-06 
3.896e+08 2.807e+02 2.859e+02 5.478e-01 
2.348e+05 2.261e-01 2.294e-01 4.300e-04 
4.985e+06 6.Olle+00 6.087e+00 1.108e-02 
5.031e+06 9.129e+00 9.215e+00 1.536e-02 

Results - Dose Point # 5 - (152 
Activi tv Fluence Rate Fluence Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec 
No Buildup With Buildup 

2.550e+07 6.612e-01 7.388e-01 
6.133e+06 2.181e-01 2.436e-01 
2.926e+04 1.314e-03 1.465e-03 
2.291e+05 2.086e-02 2.257e-02 
3.866e+04 7.102e-03 7.450e-03 
5.265e+00 1.458e-06 1.512e-06 
4.039e+03 1.496e-03 1.541e-03 
1.443e+03 6.698e-04 6.867e-04 
3.896e+08 2.175e+02 2.222e+02 
2.348ei05 1.752e-01 1.783e-01 
4.985ei-06 4*661e+00 4.731e+00 
5.031e+06 7.082e+00 7.161e+00 

. 5 , 7 5 0 , 0 )  cm 
Exposure Rate 

mR/hr 
No Buildup 
6.553e-03 
9.644e-04 
3.501e-06 
3.191e- 05 
1.253e-05 
2.766e-09 
2.915e-06 
1.315e-06 
4.244e-01 
3.333e-04 
8.591e-03 
1.192e- 02 

4.318e+08 2.303e+02 2.353e+02 4.528e-01 

Results - Dose Po in t  # 6 - (183,750,O) cm 
Act ivi tv Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

2.550e+07 5.279e-01 5.994e-01 5.232e-03 
6.133e+06 1.748e-01 1.984e-01 7.731e-04 
2.926e+04 1.055e-03 1.195e-03 2.811e-06 
2.29le+05 1.678e-02 1.836e-02 2.567e-05 

Exposure Rate 
mR/hr 

With Buildup 

8.175e-01 

ExDosure Rate - 
mR/hr 

With Buildup 
9.396e-03 
1.377e-03 
4.983e-06 
4.417e-05 
1.688e-05 
3.685e-09 
3.860e-06 
1.734e-06 
5.580e-01 
4.364e-04 
1.122e-02 
1.550e-02 

5.960e-01 

Exposure Rate 
mR/hr 

With Buildup 
7.322e-03 
1.078e-03 
3.904e-06 
3.452e-05 
1.315e-05 
2.868e-09 
3.002e-06 
1.348e-06 
4.338e-01 
3.392e-04 
8.720e-03 
1.205e-02 

4.633e-01 

ExDosure Rate 
mR/hr 

With Buildup 
5.940e-03 
8.777e-04 
3.184e-06 
2.809e-05 

0.2 3.866e+04 5.720e-03 6.042e-03 1.010e-05 1.066e-05 



Page : 4  
DOS File: PM2ALINE.MS5 
Run Date: May 11, 2003 
Run Time: 12:55:25 PM 
Duration: 0O:OO:Ol 

Enerqy 
- MeV 

0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Activity Fluence Rate 
photons/sec MeV/cm2/sec 

No Buildup 
5,265e+00 1.175e-06 
4.039e+03 1.206e-03 
1.443e+03 5.403e-04 
3.896e+08 1.755e+02 
2.348e+05 1.415e-01 
4,985e+O6 3.764e+00 
5.031e-cO6 5.722e+00 

TOTALS: 4.318e+08 1.858e+02 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
1.225e- 06 
1.248e-03 
5.559e-04 
1.799e+02 
1.443e-01 
3.828e+00 
5.795e+00 

1.905e+02 

Exposure Rate 
mR/hr 

No Buildup 
2.229e-09 
2.351e-06 
1.061e-06 
3.425e-01 
2.691e-04 
6.938e-03 
9.627e-03 

3.654e-01 

Exposure Rate 
mR/hr 

With Buildup 
2.323e-09 
2.431e-06 
1.091e-06 
3.511e-01 
2.745e-04 
7.057e-03 
9.750e-03 

3 751e-01 



Microshield v 5 . 0 1  (5.01-00121) 
Lockheed Martin Idaho Technologies Company 

Page : 1  File Ref: 
DOS File: PM2A709.’’ ’5 Date: 
Run Date: May 10, 2103 By : 
Run Time: 7:50:21 Pr.q Checked : 
Duration: 00:01:43 

# 2  121.92 cm 762 cm 
4 ft 25 ft 

# 3  152.4 cm 762 cm 
5 ft 0.0 in 25 ft 

# 4  182.88 cm 762 cm 
6 ft 25 ft 

# 5  213.36 cm 762 cm 
7 ft 0 . 0  in 25 ft 

Case Title: Tank 709 
Description: Rad field Q 3, 4, and 5 Ft. from sediment 

Geometry: 13 - Rectangular Volume 

45.72 cm 
1 ft 6.0 in 

45.72 cm 
1 ft 6.0 in 

45.72 cm 
1 ft 6.0 in 

45.72 cm 
1 ft 6.0 in 

Y 

7 
L- 

Source Dimensions 
Length 9.86 cm 3.9 in 
Width 91.44 cm 3 ft 
Height 1.5e+3 cm 50 ft 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons c 0.015 : Excluded 

Library : Grove 
Nuclide 
Ba-137m 1.0690e+001 3.9553e+011 7.7800e+000 2.8786e+005 
CO-60 1.1870e-001 4.3919e+009 8.6388e-002 3.1964e+003 
Cs-134 3.6700e-004 1.3579e+007 2.6710e-004 9.8826e+000 
Cs-137 1.1300e+001 4.1810e+011 8.2239e+000 3.0429e+005 
Eu-154 1.4000e-002 5.1800e+008 1.0189e-002 3.7699e+002 
Sr-90 1.1300e+001 4.1810e+011 8.2239e+000 3.0429e+005 
Y-90 1.1300e+001 4.1810e+011 8.2239e+000 3.0429e+005 

curies becauerels pci/cm3 Bs/cm3 

Bu i 1 dup 
T h e  material reference is : Shield 1 

Integration Parameters 
X Direction 10 
Y Direction 20 
Z Direction 20 



Page : 2  
DOS File : PM2A709. PI55 
Run Date: May 10, 211503 
Run Time: 7:50:21 P!-I 
Duration: 00:01:43 

Enerqy 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
9.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 1 - (91.44,762,45.72) cm 
Activity Fluence Rate Fluence Rate Exposure Rate 

photons/scc. MeV/cm2/sec MeV/cm*/sec mR/hr 
No Buildup With Buildup No Buildup 

2.330e+10 3.410e+01 7.627e+01 3.380e-01 
5.603e+09 2.232e+01 7.729e+01 9.871e-02 
2.678e+O7; 2.080e-01 1.004e+00 5.540e-04 
2.096e+0? 6.844e+00 3.783e+01 1.047e-02 
3.538e+OF; 3.052e+00 1.071e+01 5.386e-03 
4.807e+03 7.072e-04 1.962e-03 1.342e-06 
3.696e+O6 7.935e-01 1.905e+00 1.546e-03 

3.801e-01 8.258e-01 7.460e-04 1.320e+OE, 
3.560e+l?. 1.303e+05 2.626e+05 2.543e+02 
2.148e+C? 1.147e+02 2.074e+02 2.183e-01 
4.552e+W 3.259e+03 5.492e+03 6.007e+00 
4.594e+02 5.578e+03 8.397e+03 9.385e+00 

TOTALS: 3.945e+11. 1.393e+05 2.769e+05 2.704e+02 

Enerqy 
MeV - 
0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 2 - (121.92,762,45.72) cm 
Activitv Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm*/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

2.330e+lD 2.540e+01 5 727ei01 2.517e-01 
5.603e+C9 lI667e+0l 5.820e+01 7.374e-02 
2.678e+O? 1.557e-01 7.583e-01 4.147e-04 
2.096e+CS 5.137e+00 2.850e+01 7.858e-03 
3.538e107 2.292e+00 8.038e+00 4.046e-03 
4.807e+03 5.314e-04 1.472e-03 1.008e-06 
3.696e+06 5.963e-01 1.429e+00 1.162e-03 
1.320et-06 2.856e-01 6.190e-01 5.606e-04 
3.560e1ll 9.789e+04 1.968e+05 1.911e+02 
2.148e+O8 8.620e+01 1.553e+02 1.640e-01 

2.448e+03 4.llle+03 4.512e-tOO 4.552e+03 
4.594e+09 4.186e+03 6.28Oe+03 7.043e+00 

TOTALS: 3.945e+11 1.047e+05 2 075e+O5 2.031e+02 

Enerqy 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 

Results - Dose Point # 3 - (152.4,762,45.72) cm 
Activity Fluence Rate Fluence Rate ExDosure Rate 

photons/sez MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

2.330e+10 1.995e+01 4.522e+01 1.977e-01 
5.603e+O9 1.314e+01 4.622e+01 5.811e-02 
2.678e+07 1.229e-01 6 037e-01 3.274e-04 

4.067e+00 2.268e+01 6.222e-03 2.096e+08 
3.538e+0? 1.817e+00 6,382e+00 3.207e-03 
4.807e+03 4.214e-04 1.168e-03 7.993e-07 
3.696e+06 4.730e-01 1.133e+00 9.216e- 04 
1.320e+06 2.266e-01 4.906e-01 4.447e-04 
3.560e+ll 7.766e+04 1.559e+05 1.516e+02 
2.148e+O8 6.839e+01 1.230e+02 1.301e-01 
4.552e+09 1.942e+03 3.254e+03 3.579e+00 

Exposure Rate 
mR/hr 

With Buildup 
7.559e-01 
3.418e-01 
2.675e-03 
5.788e-02 
1.889e-02 
3.722e-06 
3.712e-03 
1 - 621e- 03 
5.126e+02 
3.945e-01 
1.012e+01 
1.413e+01 

5.384e+02 

Exposure Rate 
mR/hr 

With Buildup 
5.676e-01 
2.574e-01 
2.020e-03 
4.360e-02 
1.419e-02 
2.793e-06 
2.783e-03 
1.215e-03 
3.841ei-02 
2.954e-01 
7.578e+00 
1.057e+01 

4.035e+02 

Exposure Rate 
mR/hr 

With Buildup 
4.482e-01 
2.044e-01 
1.608e-03 
3.469e-02 
1.126e-02 
2.216e-06 
2.207e-03 
9.631e-04 
3.044e+02 
2.340e-01 
5.999e+00 



Page : 3  
DOS File: PM2A709. PIS5 
Run Date: May 10, :OC3 
Run Time: 7:50:21 PV 
Duration: 00:01:43 

Enerqy Ac t i v i t v’ Fluence Rate Fluence Rate Exposure Rate Exposure Rate 

No Buildup With Buildup No Buildup With Buildur, 
mR/hr - MeV photons/sec MeV/crn2/sec MeV/cm2/sec mR/hr 

1.5 4.594e+O-.> 3.319e+03 4.966e+03 5.585e+00 8.355e+00 

TOTALS: 3.945e+1 8.303e+04 1.644e+05 1.611e+02 3.197e+02 

Enerqy 
MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

R e s u l t s  - Dose Point # 4 - (182.88,762,45.72) cm 
Act i vi t L. Fluence Rate Fluence Rate Exposure Rate 

photons/sFz MeV/cm2/sec MeV/cm2/sec mR/hr 
No BuilduP With Buildup No Buildup 

2 .3 3 0 e+ 1 i! 
5.603e+03 
2.678e+0‘7 
2.096e+08 
3.538e+07 
4.807e+O? 
3.696e+06 
1.320e+05 
3.560e+l? 
2.148e+08 
4.552e+03 
4.594e+C3 

1.625e+01 
1.074e+01 
1.007e-01 
3.339e+00 
1.494e+00 
3.466e-04 
3.891e-01 
1.864e-01 
6.391e+04 
5.627e+01 
1.597e+03 
2.730e+O3 

3.708e+01 
3.808e+01 
4.983e-01 
1.872e+01 
5.257e+00 
9.611e-04 
9.316e-01 
4.034e-01 
1.282e+05 
1.010e+02 
2.672e+03 
4.074e+03 

1.610e-01 
4.751e-02 
2.682e-04 
5.109e-03 
2.636e-03 
6.574e-07 
7.582e-04 
3.659e-04 
1.247e+02 
1.070e-01 
2.945e+00 
4.593e+00 

Exposure Rate 
mR/hr 

With Buildup 
3.674e-01 
1.684e-01 
1.327e-03 
2.863e-02 
9.278e-03 
1.823e-06 
1.815e-03 
7.918e-04 
2.502e+02 
1.922e-01 
4.925e+00 
6.854e+00 

TOTALS: 3.945e+11 6.832e+04 1.351e+05 1.326e+02 2.627e+02 

Results - Dose Point # 5 - (213.36,762,45.72) cm 
Enerqy 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Activity- 
photons/sec 

Fluence Rate 
MeV/crnz/sec 
No Buildup 
1.358e+01 
9.015e+00 
8.463e-02 
2.814e+00 
1.260e+00 
2.925e-04 

1.574e-01 
5.395e+04 
4.751e+01 
1.348e+03 
2.303e+03 

3.285e-01 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
3.121e+01 
3.220e+01 
4.220e-01 
1.585e+01 
4.441e+O0 
8.114e-04 
7.860e-01 
3.402e-01 
1.081e+05 
8.513e+01 
2.250e+03 
3.428e+03 

Exposure Rate 
mR/hr 

No Buildup 
1.346e-01 
3.987e-02 
2.255e- 04 
4.305e-03 
2.224e-03 
5.548e-07 
6.400e-04 
3.089e-04 
1.053e+02 

2.486@+00 
3.875e+00 

9.036e-02 

Exposure Rate 
mR/hr 

With Buildup 
3.093e-01 
1.424e-01 
1.124e-03 
2.425e-02 
7.839e-03 
1.53 9e- 06 
1.532e- 03 
6.678e-04 
2.109e+02 
1.619e-01 
4.148e+00 
5.767e+00 

TOTALS: 3.945e+11 5.768e+04 1.139e+05 1.119@+02 2.215e+02 

Results - Dose Point # 6 - (243.84,762,45.72) cm 
Enerqy Activity Fluence Rate Fluence Rate Exposure Rate Exposure Rate 

No Buildup With Buildup No Buildup With Buildup 
- MeV photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr mR/hr 

0.03 2.330e+10 1.158e+01 2.678e+01 1.147e-01 2.655e-01 
0.04 5.603e+09 7.714e+00 2.775e+01 3.412e-02 1.227e-01 

1.932e-04 9.702e-04 
0.1 2.096e+08 2.417e+00 1.367e+01 3.698e-03 2.092e-02 
0.05 2.678e+07 7.254e-02 3.642e-01 



Page : 4  
DOS File: PM2A709. :IS5 
Run Date: May 10, 2 0 0 3  
Run Time: 7:50:21 P’JI 
Duration: 00:01:43 

Enerqy 
MeV 

0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Activity 
photons/sec 

3.538e+07 
4.807e+03 
3*696e+Oi; 
1.320e+06 
3.560e+ll 
2*148e+O8 
4.552e+m 
4.594e+09 

Fluence  Rate 
MeV/cm2/sec 
No BuilduD 
11083e+00 
2.516e-04 
2.826e-01 
1.354e-01 
4.642e+04 
4.087e+O1 
1.160e+03 
1.980e+03 

TOTALS: 3.945e+11 4.963e+04 

Fluence Rate 
MeV/cm*/sec 
With Buildup 
3.823e+00 
6.978e-04 
6.756e-01 
2.923e-01 
9.281e+04 
7.308e+01 
1.931e+03 
2.939e+03 

9.782e+04 

Exposure Rate 
mRlhr 

No Buildup 
I, 912e-03 
4.772e-07 
5.506e-04 
2.658e-04 
9.061e+01 
7.774e-02 
2.138e+00 
3.331e+00 

9.631e-t-01 

Exposure Rate 
mR/hr 

With Buildup 
6.747e-03 
1.324e-06 
1.316e-03 
5.737e-04 
1.812e+02 
1.390e-01 
3.560e+00 
4.945e+00 

1.902e+02 



Microshield v 5 . 0 1  ( 5 . 0 1 - 0 0 1 2 1 )  
Lockheed Martin Idaho Technologies Company 

Page : 1  File Ref: 
DOS File: PM2A709.MS5 Date: 
Run Date: May 10, 2003 B y  : 
Run Time: 7:55:11 PM Checked : 
Duration: 0 0 : 0 2 : 2 0  

Case Title: Tank 709 
Description: Rad field @ 3, 4, and 5 Ft. from sediment 

Geometry: 13 - Rectangular Volume 

L 

Source Dimensions 
Length 9.86 cm 3.9 in 
Width 91.44 cm 3 ft 
Height 1.5e+3 cm 50 ft 

Dose Points 

# l  92744 cm 3- cm 
3 ft 1.2 in 

# 2  121.92 cm 3 cm 
4 ft 1.2 in 

# 3  152.4 cm 3 cm 
5 ft 0.0 in 1.2 in 

# 4  182.88 cm 3 cm 
6 ft 1.2 in 

# 5  213.36 cm 3 cm 
7 ft 0.0 in 1.2 in 

# 6  243.84 cm 3 cm 
8 ft 1.2 in 

X Y Z 
45T72 cm 

1 ft 6.0 in 
45.72 cm 

1 ft 6 . 0  in 
45.72 cm 

1 ft 6 . 0  in 
45.72 cm 

1 ft 6.0 in 
45.72 cm 

1 ft 6.0 in 
45.72 cm 

1 ft 6.0 in 

Shields 
Shield Name Dimension MaterialDensity 
Source 1.37e+06 cm3 Concrete2 
Shield 1 81.58 cm Air 0.0011 
Air Gap A i r  0.00122 

Nuclide 
Ba-137m 
CO-60 
CS-134 
cs-137 
Eu-154 
Sr-90 
Y-90 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 2 5  
Lower Energy Cutoff : 0.015 
Photons c 0.015 : Excluded 

Library : Grove 
curies becquerels ptCi/cm3 B c T / c ~ ~  

1.0690e+001 3.9553e+011 7.7800e+000 2.8786e+005 
1.1870e-001 4.3919e+009 8.6388e-002 3.1964e+003 
3.6700e-004 1.3579e+007 2.6710e-004 9.8826e+000 
1.1300e+001 4.1810et011 8.2239e+000 3.0429e+005 
1.4000e-002 5.1800e+008 1.0189e-002 3.7699e+002 
1.1300e+001 4.1810e+011 8.2239e+000 3.0429e+005 
1.1300e+001 4.1810e+011 8.2239e+000 3.0429e+005 

Buildup 
The material reference is : Shield I 

Integration Parameters 
X Direction 10 
Y Direction 20 
Z Direction 20 



Page : 2  
DOS File: PM2A709.MS5 
Run Date: May 10, 2003 
Run Time: 7:55:11 PM 
Duration: 00:02:20 

Enerqy 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 1 - (91.44,3,45.72) cm 
Activitv Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

2.330e+10 1.768e+01 3.955e+01 1.752e-01 
5.603e+09 1.159e+01 4.017e+01 5.124e-02 
2.678e+07 1.080e-01 5.218e-01 2.877e-04 
2.096e+O8 3.553e+00 1.959e+01 5.435e-03 
3.538e+O'? 1.583e+00 5.538e+00 2.794e-03 
4.807e+03 3.668e-04 1.015e-03 6.957e-07 
3.696e+06 4.114e-01 9.856e-01 8.016e-04 
1.320e+OG 1.970e-01 4.273e-01 3.867e-04 
3.560e+ll 6.752e+04 1.359e+05 1.318e+02 
2.148e+08 5.946e+01 1.073e+02 1.131e-01 
4.552e+09 1.688e+03 2.843e+03 3.112e+00 
4.594e+09 2.889e+03 4.348e+03 4.861e+00 

TOTALS: 3.945e+li 7.220e+04 1.433e+05 1.401e+02 

Enerqy 
- MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 2 - (121.92,3,45.72) crn 
Act ivi tv 

photons/sec 
Fluence Rate 
MeV/cm2/sec 
No Buildup 
1.308e+01 
8.608e+00 
8.041e-02 
2.653e+00 
1.184e+00 
2.745e-04 
3.080e-01 
1.475e-01 
5.056e+04 
4.453e+01 
1.265e+03 
2.164e+03 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
2.952e+01 
3.Olle+01 
3.921e-01 
1.472e+01 
4.153e+00 
7.608e-04 
7.384e-01 
3.201e-01 
1.018e+05 
8.037e+01 
2.128e+03 
3.254e+03 

Exposure Rate 
mR/hr 

No Buildup 
1.296e-01 
3.807e-02 
2.142e-04 
4.059e-03 
2.090e-03 
5.206e-07 
6.001e-04 
2.896e-04 
9.870e+01 
8.470e-02 
2.331et-00 
3.641e+00 

TOTALS: 3.945e+ll 5.406e+04 1.073e+05 1.049e-1-02 

Enerqy 
MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 

Results - Dose Point # 3 - (152.4,3,45.72) cm 
Activity Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

2.330e+10 1.025e+01 2.331e+01 1.016e-01 
5.603e+09 6.777e+00 2.390e+01 2.997e-02 
2.678e+07 6.343e-02 3.120e-01 1.690e-04 
2.096e+08 2.100e+00 1.173e+01 3.212e-03 
3.538e+07 9.383e-01 3.306e+00 1.656e-03 
4.807e+03 2.177e-04 6.054e-04 4.129e-07 
3.696e+06 2.444e-01 5.875e-01 4.762e-04 
1.320e+06 1.171e-01 2.546e-01 2.299e-04 
3.560e+ll 4.015e+04 8.095e+04 7.836e+01 
2.148e+08 3.537e+01 6.391e+01 6.728e-02 
4.552e+09 1.005e+03 1.692e+03 1.852e+00 

ExDosure Rate 
mR/hr 

With Buildup 
3.920e-01 
1.777e-01 
1.390e-03 
2.996e-02 
9.774e-03 
1.926e-06 
1.920e-03 
8.387e-04 
2.653e+02 
2.042e-01 
5.240e+00 
7.315e+00 

2.786e+02 

Exposure Rate 
mR/hr 

With Buildup 
2.926e-01 
1.332e-01 
1.044e-03 
2.251e-02 
7.329e-03 
1.443e-06 
1.439e-03 
6.283e-04 
1.987e+02 
1.529e-01 
3.923e+00 
5.475e+00 

2.087e+02 

Exposure Rate 
mR/hr 

With Buildup 
2.311e-01 
1.057e-01 
8.312e-04 
1.794e-02 
5.835e-03 
1.148e-06 
1.145e-03 
4.997e-04 
1.580e+02 
1.216e-01 
3.119e+00 



Page : 3  
DOS File: PM2A709.MS5 
Run Date: May 10, 2003 
Run Time: 7:55:11 PM 
Duration: 0O:OZ:ZO 

Enerqy Activitv Fluence Rate Fluence Rate Exposure Rate 
MeV photons/sse MeV/cm2/sec MeV/cmz/sec mR/hr 

No Buildup With Buildup No Buildup 
1.5 4.594e+09 1.720et03 2.587e+03 2.893e+00 

TOTALS: 3.945e+li 4.293e+04 8.536e+04 8.331e+01 

Enerqv 
MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

R e s u l t s  - Dose Point # 4 - (182.88,3,45.72) cm 
Activity Fluence Rate Fluence Rate Exposure Rate 

photons/st?c MeV/cmz/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

2.330e+lO 8.362ei-00 1.916e+01 8.287e-02 
5.603et09 5.549e+00 1.973e+01 2.454e-02 
2.678et07 5.204e-02 2.582e-01 1.386e-04 
2.096e+OR 1.728e+00 9.72Oe+00 2.643e-03 
3.538et07 7.732e-01 2.738e+00 1.365e-03 

1.795e-04 5.012e-04 3.406e-07 4.807e+03 
3.696ei-05 2.017e-01 4.862e-01 3.929e-04 
1.320e+06 9.666e-02 2.107e-01 1.897e-04 
3.560e+li 3.315e+04 6.698e+04 6.471e+01 
2.148e+G6 2.922e+01 5.287e+01 5.557e-02 
4.552e+03 8.301e+02 1.400e+03 1.530e+00 
4.594e+C9 1.421e+03 2.139e+03 2.391e+00 

TOTALS: 3.945e+11 3.545e+04 7.062e+04 6.880e+01 

R e s u l t s  - Dose Poin t  # 5 - (213.36,3,45.72) cm 
Enersv Activity Fluence Rate Fluence Rate Exposure Rate 

MeV photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 

0.03 2.330e+10 7.013e+00 1.620e+01 6.950e-02 
No Buildup With BuilduD No Buildup 

0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

4.673e+00 
4.390e-02 
i. 462e+00 
6.55le-01 
1.522e-04 
1.711e-01 
8.203e-02 
2.814e+04 
2.481e+01 
7.051e+02 
1.208e+03 

1.675e+Ol 
2.196e-01 
8.281e+00 
2.331e+00 
4.266e-04 
4.137e-01 
1.792e-01 
5.697e+04 
4.496e+01 
1.190e+03 
1.818e+03 

2.067e-02 
1.170e-04 
2.236e-03 
1.156e-03 
2.888e-07 
3.333e-04 
I. 610e-04 
5.493e+01 

1.300e+00 
2.032e-tOO 

4.719e-02 

TOTALS: 3.945e+11 3.009e+04 6.007e-tO4 5.840e+01 

Results - Dose Poin t  # 6 - (243.84,3,45.72) cm 
Enerqv Activity Fluence Rate Fluence Rate Exposure Rate 

MeV photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 

0.03 2.330e+10 6.005e+00 1.398e+01 5.952e-02 
0.04 5.603e+09 4.018e+00 1.451e+01 1.777e-02 
0.05 2.678e-tO7 3.782e-02 1.906e-01 1.007e-04 
0.1 2.096e+08 1.262e+OO 7.201e+00 1.93l.e-03 

No Buildup With Buildup No Buildup 

ExDosure Rate 
mR/hr 

With Buildup 
4.352e+00 

1.660e+02 

Exposure Rate 
mR/hr 

With Buildup 
1.899e-01 
8.727e-02 
6.877e-04 
1.487e-02 
4.832e-03 
9.507e-07 
9.474e-04 
4.135e-04 
1.307e+02 
1.006e-01 
2.580e+00 
3.598e+00 

1.373e+02 

Exposure Rate 
mR/hr 

With BuilduD 
1.606e-01 
7.408e-02 
5.849e-04 
1.267e-02 
4.114e-03 
8.092e-07 
8.061e-04 
3.518e-04 
1.112e+02 
8.552e-02 
2.194e+00 
3.059e+00 

1.168e+02 

Exposure Rate 
mR/hr 

With Buildup 
1.386e-01 
6.419e-02 
5.077e-04 
1.102e-02 



Page : 4  
DOS File: PM2A709. MS5 
Run Date: May 10, 1003 
Run Time: 7:55:11 PM 
Duration: 00:02:20 

Enerqy 

0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Act i vi t 5' 
photons / sex 

3. 538e+0'7 
4.807e+Oi 
3.696e+06 
1.320e+O6 
3.560etlI 
2*148e+0% 
4.552e+0!3 
4.594e+03 

Fluence Rate 
MeV/cm2/sec 
No Buildup 
5.666e-01 
1.317e-04 
1.481e-01 
7.106e-02 
2.438et04 
2.151e+01 
6.113e+02 
l.O47e+03 

TOTALS: 3.945e+l:t 2.608e+04 

Fluence Rate 
MeV/cmz/sec 
With Buildup 
2.026e+00 
3.705e-04 
3.592e-01 
1.556e-01 
4.946e+04 
3.902e+01 
1.033e+03 
1.577e+03 

5.214e+04 

Exposure Rate 
mR/hr 

No Buildup 
9.999e-04 
2.499e-07 
2.886e-04 
1.395e-04 
4.759e+01 
4.09le-02 
1.127e+0 0 
1.762e+00 

5.060e+01 

Exposure Rate 
m / h r  

With Buildup 
3.575e-03 
7.028e-07 
7.000e-04 
3.054e-04 
9.654e+01 
7.422e-02 
1.904e+00 
2.654e+00 

1.014e+02 



Microshield v5.01 (5.01-00121) 
Lockheed Martin Idaho Technologies Company 

Page : 1  File Ref: 
DOS File: PM2A709.MS5 
Run Date: May 10, 2003 
Run Time: 8 : 0 6 : 5 8  PM 
Duration: 00:01:32 

4 ft 25 ft 
# 3  152.4 cm 762 cm 

5 ft 0.0 in 25 ft 
762 cm # 4  182.88 cm 

6 ft 25 ft 
# 5  213.36 cm 762 cm 

7 ft 0.0 in 25 ft 

Case Title: Tank 709 
Description: Rad field @ 3, 4, and 5 Ft. from sediment 

Geometry: 13 - Rectangular Volume 

0.0 in 
0 cm 

0.0 in 
0 cm 

0.0 in 
0 crn 

0.0 in 

Nuclide 
Ba-137m 
Co-60 
CS-134 
CS-137 
Eu-154 
Sr-90 
Y-90 

Source Dimensions 
Length 9.86 cm 3.9 in 
Width 91.44 cm 3 ft 
Height 1.5e+3 cm 50 ft 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons c 0.015 : Excluded 

Library : Grove 
curies becquerels pCi/cm3 B4/cm3 

1.0690e+001 3.9553e+011 7.7800e+000 2.8786e+005 
1.1870e-001 4.3919e+009 8.6388e-002 3.1964e+003 
3.6700e-004 1.3579e+007 2.6710e-004 9.8826e+000 
1.1300e+001 4.1810e+011 8.2239e+000 3.0429e+005 
1.4000e-002 5.1800@+008 1.0189e-002 3.7699e+002 
1.1300e+001 4.1810@+011 8.2239e+000 3.0429e+005 
1.1300e+001 4.1810e+011 8.2239e+000 3.0429e+005 

Buildup 
The material reference is : Shield 1 

Integration Parameters 
X Direction 10 
Y Direction 20 
Z Direction 20 



Page : 2  
DOS File: PM2A709.MS5 
Run Date: May 10, 2003 
Run Time: 8:06:58 PM 
Duration: 00:01:32 

Enerqy 
MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 1 - (91.44,762,0) cm 
Activity Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

2.330e+10 2.798e+01 6.306e+01 2.773e-01 
5.603e+09 1.838e+01 6.394e+01 8.128e-02 
2.678e+07 1.716e-01 8.336e-01 4.571e-04 
2.096e+08 5.693e+00 3.252e+01 8.710e-03 
3.538e+07 2.556e+00 9.321e+00 4.511e-03 
4.807e+03 5.948e-04 1.712e-03 1.128e-06 
3.696e+06 6.696e-01 1.663e+00 1.305e-03 
1.320e+06 3.216e-01 7.216e-01 6.313e-04 
3.560e+ll 1.105e+05 2.296e+05 2.157e+02 
2.148e+08 9.774e+01 1.816e+02 1.859e-01 
4.552e+09 2.785e+03 4.813e+03 5.134e+00 
4.594e+09 4.798e+03 7.376e+03 8.073e+00 

TOTALS: 3.945e+11 1.183e+05 2.422e+05 2.295e+02 

Enerqy 
MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 2 - (121.92,762,0) cm 
Activity 

photons/sec 

2.330e+10 
5.603e+09 
2 678e+07 
2.096e+08 
3.538e+07 
4.807e+03 
3.696e+06 
1.320e+06 
3.560e+ll 
2.148e+08 
4.552e+09 
4.594e+09 

Fluence Rate 
MeV/cm2/sec 
No Buildup 
2.234e+01 
1.470e+01 
1.374e-01 
4.560e+00 
2.045e+00 
4.754e-04 
5.346e-01 
2.566e-01 
8.808e+04 
7.778e+01 
2.213e+03 
3.802e+03 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
5.059e+01 
5.146e+01 
6.721e-01 
2.588e+01 
7.364e+00 
1.350e-03 
1.311e+00 
5.681e-01 
1.807e+05 
lf427e+02 
3.780e+03 
5.781e+03 

Exposure Rate 
mR/hr 

No Buildup 
2.214e-01 
6.500e-02 
3.660e-04 
6.976e-03 
3.609e-03 
9.017e-07 
1.042e-03 
5.036e-04 
1.719e+02 
1.479e-01 
4.080e+00 
6.396e+00 

TOTALS: 3.945e+11 9.422e+04 1.905e+05 1.829e+02 

Enerqy 
MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 

Results - Dose Point # 3 - (152.4,762,0) cm 
Act ivi t y Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildup With Buildup No Buildup 

2.330e+10 1.825e+01 4.153e+01 1.809e-01 
5.603e+09 1.204e+01 4.246e+01 5.326e-02 
2.678e+07 1.128e-01 5.555e-01 3.004e-04 
2.096e+08 3.746e+00 2.123e+01 5.731e-03 
3.538e+07 1.679e+00 6.Olle+00 2.964e-03 
4.807e+03 3.903e-04 1.101e-03 7.403e-07 
3.696e+06 4.388e-01 1.068e+00 8.549e-04 
1.320e+06 2.105e-01 4.626e-01 4.131e-04 
3.560e+ll 7.223e+04 1.471e+05 1.410e+02 
2.148e+08 6.372e+01 1.161e+02 1.212e-01 
4.552e+09 1.812e+03 3.072e+03 3.340e+00 

Exposure Rate 
mR/hr 

With Buildup 
6.250e-01 
2.828e-01 
2.221e-03 
4.975e-02 
1.645e-02 
3.247e-06 
3.241e-03 
1.416e-03 
4.482e+02 
3.453e-01 
8.872e+00 
1.241e+01 

4.708e+02 

Exposure Rate 
mR/hr 

With Buildup 
5.013e-01 
2.276e-01 
1.791e-03 
3.960e-02 
1.300e-02 
2.561e-06 
2.554e-03 
1.115e-03 
3.527e+02 
2.715e-01 
6.968e+00 
9.727e+00 

3.704e+02 

Exposure Rate 
mR/hr 

With Buildup 
4.116e-01 
1.878e-01 
1.480e-03 
3.249e-02 
1.061e-02 
2.088e-06 
2.081e-03 
9.081e-04 
2.871e+02 
2.208e-01 
5.663e+00 



Page : 3  
DOS File: PM2A709.MS5 
Run Date: May 10, 2003 
Run Time: 8:06:58 PM 
Duration: 00:01:32 

Enerqy Activity Fluence Rate Fluence Rate Exposure Rate 
MeV photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 

1.5 4.594e+09 3.107e+03 4.692e+03 5.227e+00 
No Buildup With Buildup No BuilduD 

TOTALS: 3.945e+11 7.725e+04 1.551e+05 1.499e+02 

Enersy 
MeV 

0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Point # 4 - (182.88,762,0) cm 
Act ivi t y Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cmz/sec mR/hr 
No BuilduQ With Buildup No Buildup 

2.330e+10 1.523e+01 3.484e+01 1.510e-01 
5.603e+09 1.008e+01 3.580e+01 4.459e-02 
2 - 678e+07 9.454e-02 4.691e-01 2.519e-04 
2.096e+08 3.146e+00 1.785e+01 4.812e-03 
3.538e+07 1.410e+00 5.033e+00 2.489e-03 
4.807e+03 3.278e-04 9.207e-04 6.218e-07 
3.696e+06 3.685e-01 8.926e-01 7.179e-04 
1.320e+06 1.767e-01 3.865e-01 3.469e-04 
3.560e+ll 6.063e+04 1.228e+05 1.183e+02 
2.148e+08 5.346e+01 9.687e+Ol 1.017e-01 
4.552e+09 1.519e+03 2.562e+03 2.801e+00 
4.594e+09 2.602e+03 3.909e+03 4.377e+00 

TOTALS: 3.945e+11 6.483e+04 1.295e+05 1.258e+02 

Enerqv 
MeV - 
0.03 
0.04 
0.05 
0.1 
0.2 
0.3 
0 -4 
0.5 
0.6 
0.8 
1.0 
1.5 

Results - Dose Poin t  # 5 - (213.36,762,0) crn 
Activitv Fluence Rate Fluence Rate Exposure Rate 

photons/sec MeV/cm2/sec MeV/cm2/sec mR/hr 
No Buildur, With Buildup No Buildup 

2.330e+10 1.293e+01 2.977e+01 1.282e-01 
5.603e+09 8.591e+00 3.073e+01 3.80Oe-02 
2.678e+07 8.069e-02 4.031e-01 2.150e-04 
2.096e+08 2.689e+00 1.529e+Ol 4.114e-03 
3.538e+07 1.206e+00 4.298e+00 2.129e-03 
4.807e+03 2.804e-04 7.854e-04 5.319e-07 
3.696e+06 3.152e-01 7.609e-01 6.141e-04 
1.320e+06 1.511e-01 3.294e-01 2.966e-04 
3.560e+ll 5.184e+04 1.046e+05 1.012e+02 
2.148e+08 4.570e+01 8.245e+01 8.692e-02 
4.552e+09 1.298e+03 2.180e+03 2.393e+00 
4.594e+09 2.221e+03 3.322e+03 3.736e+00 

TOTALS: 3.945e+11 5.543e+04 1.103e+05 1.076e+02 

Results - Dose Point # 6 - (243.84,762,0) cm 
Enerqv Activity Fluence Rate Fluence Rate Exposure Rate 

MeV photons/sec MeV/cm2/sec MeV/cmz/sec mR/hr 
No Buildup With Buildup No Buildup 

0.03 2.330e+10 1.114e+01 2.581e+01 1.104e-01 
0.04 5.603e+09 7.428e+00 2.675e+01 3 -285e-02 
0.05 2.678et-07 6.988e-02 3.514e-01 1.861e-04 
0.1 2.096e+08 2.332e+00 1.329e+O1 3.568e-03 

Exposure Rate 
mR/hr 

With Buildup 
7.894e+00 

3.015e+02 

Exposure Rate 
mR/hr 

With Buildup 
3.453e-01 
1.583e-01 
1.250e-03 
2.730e-02 
8.884e-03 
1.747e-06 
1.739e-03 
7.587e-04 
2.398e+02 
1.842e-01 
4.723e+00 
6.576e+00 

2.518e+02 

Exposure Rate 
mR/hr 

With BuilduD 
2.950e-01 
1.359e-01 
1.074e-03 
2.339e-02 
7.585e-03 
1.490e-06 
1.483e-03 
6.465e-04 
2.042e+02 
1.568e-01 
4.018e+00 
5.589e+00 

2.144e+02 

Exposure Rate 
mR/hr 

With Buildup 
2.558e-01 
1.183e-01 
9.360e-04 
2.033e-02 



Page : 4  
DOS File: PM2A709.MS5 
Run Date: May 10, 2003 
Run Time: 8:06:58 PM 
Duration: 00:01:32 

Enerqy 
geJ 

0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Activity 
photons/sec 

Fluence Rate 
MeV/cm2/sec 
No Buildup 
1.047e+00 
2.434e-04 
2.736e-01 
1.312e-01 
4.499e+04 
3*964e+01 
1.126e+03 
1.924e+03 

TOTALS: 3.945e+11 4.810e+04 

Fluence Rate 
MeV/cmz/sec 
With Buildup 
3.726e+00 
6.802e-04 
6.586e-01 
2.850e-01 
9.048e+04 
7.126e+01 
1.883e+03 
2.867e+03 

9.538e+04 

Exposure Rate 
mR/hr 

No Buildup 
1.848e-03 
4.617e-07 
5.330e-04 
2.575e-04 
8.781e+01 
7.540e-02 
2.075e+00 
3.237e+00 

9.335e+01 

Exposure Rate 
mR/hr 

With Buildup 
6.576e-03 
1.290e-06 
1.283e-03 
5.593e-04 
1.766e+02 
1.355e-01 
3.472e+00 
4.824e+00 

1.854e+02 



Microshield v 5 . 0 1  (5.01-00121) 
Lockheed Martin Idaho Technologies Company 

Page : 1  
DOS File: PM2AHEEL.MS5 
Run Date: June 13, 2003 
Run Time: 12:16:07 AM 
Duration: 00:30:06 

File Ref: 
Date: 

Bv : 
Checke; : 

Case Title: 
Description: Rad f i e l d  from 28320 cc heel of sludge 

Geometry: 7 - Cylinder Volume - Side S h i e l d s  

7 
L 

Source Dimensions 

Radius 8.6 cm 3.4 in 
Height 121.92 cm 4 ft 

Dose Points 
li 

# I  39.08 cm 
- Y Z 
61 cm 0 cm 

1 ft 3.4 in 2 ft 0.0 in 0.0 in 

Shields 
Shield Name Dimension MaterialDensity 
Source 2.83e+04 cm3 Concrete1.35 
Transition 30.48 cm A i r  0.0011 
Air Gap Air 0.00122 

Source Input 
Grouping Method : Actual Photon Energies 

Nuclide curies beccruerels p C i / c r n 3  
Ea-137m 4.2300e-002 1.5651e+009 1.4932e+000 5.5248e+004 
Cs-137 4.4700e-002 1.6539e+009 1.5779e+000 5.8383e+004 

Bq/cm3 

Buildup 
The material reference i s  : Transition 

Integration Parameters 
Radial 10 
Circumferential 10 
Y Direction (axial) 30 

Results 
Enerqy Activity Fluence Rate Fluence Rate Exposure Rate 

MeV photons/sec MeV/cm2/sec MeV/cm*/sec mR/hr 

0.0318 3.240e+07 1.726e+00 4.085e+O0 1.438e-02 
0.0322 5.978e+07 3.319e+00 7.992e+00 2.671e-02 
0.0364 2.175e+07 1.839e+00 5.329e+00 1.045e-02 
0.6616 1.408e+09 1.492e+04 2.643e+04 2.892e+01 

No Buildup With Buildup No Buildup 

TOTALS: 1.522ei-09 1.493e+04 2.645e+04 2.897e+01 

Exposure Rate 
mR/hr 

With Buildup 
3.403e-02 
6.432e-02 
3.028e-02 
5.125e+01 

5.137e+01 



Microshield v5.01 (5.01-00121) 
Lockheed Martin Idaho Technologies Company 

Page : 1  File Ref: 
DOS File: PM2AWB.MSS Date: 
Run Date: May 11, 2003 
Run Time: 11:56:45 PM 
Duration: 0 0 : 0 0 : 2 4  

By : 
Checked : 

Case Title: 
Description: Rad Field due to waste bin with 25 % of Tank Sludge 

Geometry: 13 - Rectangular Volume 

Y 

L 

Nuclide 
Ba-137m 
CO-60 
CS-134 
CS-137 
Eu-154 
Sr-90 
Y-90 

Source Dimensions 
Length 37.2 cm 1 ft 2.6 in 
Width 363.2 cm 11 ft 11.0 in 
Height 28.2 cm 11.1 in 

Dose Points 
X Y Z 

# 1 68.715 cm 14.1 cm 181.6 cm 
2 ft 2.9 in 5.6 in 5 ft 11.5 in 

Shields 
Shield Name Dimension MaterialDensity 
Source 3.81e+05 ~m~Concrete1.3 
Shield 1 .635 cm Iron 7.86 
Shield 2 30.48 cm Air 0.0011 
Air Gap Air 0.00122 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons e 0.015 : Excluded 

Library : Grove 
curies becquerel s pCi/cm3 Bq/cm3 

2.6700e+000 9.8790e+010 7.0077e+000 2.5928e+005 
2.9700e-002 1.0989e+009 7.7950e-002 2.8842e+003 
9.1800e-005 3.3966e+006 2.4094e-004 8.9147e+000 
2.8300e+000 1.0471e+011 7.4276e+000 2.7482e+005 
3.5000e-003 1.2950e+008 9.1861e-003 3.3988e+002 
2.8300e+000 1.0471e+011 7.4276e+000 2.7482e+005 
2.8300e+000 1.0471e+011 7.4276e+000 2.7482e+005 

X 
Y 
Z 

Enerqy Act ivitv 
- MeV photons/sec 

0.03 5.819e+09 
0.04 1.400e+09 

Buildup 
The material reference is : Shield 2 

Integration Parameters 
Direction 10 
Direction 20 
Direct ion 20 

Results 
Fluence Rate Fluence Rate Exposure Rate Exposure Rate 
MeV/cmz/sec MeV/cm2/sec mR/hr mR/hr 
No Buildup With Buildup No Buildup With Buildup 
2.298e-17 7.138e-16 2.277e-19 7.074e-I8 
1.374e-07 9.281e-06 6.076e-10 4.105e-08 



Page : 2  
DOS File: PM2AWB.MS5 
Run Date: May 11, 2003 
Run Time: 11:55:45 PM 
Duration: 00:00:24 

Enerqy 
MeV 

0.05 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

Activity 
photons/sec 

Fluence Rate 
MeV/cm2/sec 
No Buildup 
6.601e-06 
8.620e-01 
1.334e+00 
3.824e-04 
4.751e-01 
2.440e-01 
8.812et-04 
8.431e+01 
2.550e+03 
4.867e+03 

TOTALS: 9.854e+10 9.563e+04 

Fluence Rate 
MeV/cm2/sec 
With Buildup 
5.827e-04 
2.099e+01 
1.043e+01 
2.027e-03 
2.014e+00 
8.880e-01 
2 - 858e+05 
2.314e+02 
6.255e+03 
9.960e+03 

3.023e+O5 

Exposure Rate 
mR/hr 

No Buildup 
1.758e-08 
1.319e-03 
2.354e-03 
7.253e-07 
9.258e-04 
4.789e-04 
1.720e+02 
1.604e-01 
4.701e+00 
8.189e+00 

1.851e+02 

Exposure Rate 
mR/hr 

With Buildup 
1.552e-06 
3.211e-02 
1.841e-02 
3.845e-06 
3.925e-03 
1.743e-03 
5.578e+02 
4.401e-01 
1.153e+01 
1.676e+01 

5.866e+02 
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ENGINEERING DESIGN FILE Rev. No. 2 intrepid technology & resources 
I i n c o r a o r a t e d  

096 -012 

=reject No.: 2000-096 1 Project Title: PM-2A Tanks and Burn Pits RD/RAWP 

'roblern Statement: 

jesign the rigging in compliance with DOE-ID Order 440C and DOE-STD-1090-2001 for lifting the upper half or 
iwer half of a PM-2A tank and loading it on a low boy trailer. 

iummary of Conclusions: 

he rigging to lift a half of a 2 PM-2A tank shown on the Drawing PM-2A Half Tank Rigging meets the 
3quirements of DOE-ID Order 440C and DOE-STD-1090-2001 and can be used to successfully lift and load a 
alf tank on a low boy trailer. A detailed rigging plan will need to be developed by the subcontractor to provide 
lear instruction on how to use the developed equipment. The rigging plan should also include load testing the 
gging to 125% of the weight of a half tank (1.25 X 33,425 = 41,782 Ibs). 

3eview and Approval Signatures: 

listri bution: 

'rofessional Engineer's Stamp (if required) 

ENGINEERING DESIGN FILE 



EDF Titie: PM-2A Half Tank Rigging 
Project No.: 2000-096 
Project Title: PM-2A Tanks and Burn Pits RDIRAWP 

Problem Statement: 

EDF- 0 9 6 - 0 1 2  
Rev No.: 2 
Page 2 of 4 

Rigging is to be designed in compliance with DOE-ID Order 440C and DOE-STD-1090-2001 to lift the upper 
or lower half of a PM-2A tank and load it on a low boy trailer. 

Assumptions: 

The half tanks each weigh 33,425 Ibs. The half tanks are to be lifted with a mobile crane using a single 
hook. The tanks are to be rigged near the two end internal rib stiffeners of the tank each located about 11 
feet from their respective end. 

References: 

DOE-ID Order 440C 

ASME B30.20a-2001 
AlSC Manual of Steel Construction 
Machinery’s Handbook 
Consolidated Rigging and Marine Supply Internet Catalog (Attached) 

DOE-STD-1090-2001 

Calculations / Analysis: 

Acceptance Criteria 

The rigging design is to meet the requirements of DOE-ID Order 440C. This Order invokes DOE-STD- 
1090-01 for rigging design. This Standard, Chapter 11 Wire Rope and Slings, specifies the allowable load 
for slings is to be the manufactures rated load based on a factor of safety of 5 with respect to the breaking 
strength. Tables of allowable loads for wire rope slings and synthetic-web slings are provided in the 
Standard. The rigging design of this EDF uses the manufacturer’s rating as the allowable load and assures 
the loads are essentially within the limits of Tables in the Standard. Chapter 12 of the standard for Rigging 
Accessories does not specify a specific factor of safety for shackles but infers the allowable load is to be the 
manufactures rated load. The Chapter does not provide a table of allowable loads for shackles. The 
rigging design uses the manufactures rating as the allowable load. Chapter 14 of the standard invokes 
Section 20-1.2.2 of ASME B30.20 as the design criteria for Below-the-Hook Lifting Devices Structural and 
Mechanical Lifting Devices. Section 20-1.2.2 specifies a minimum design factor of three, based on yield 
strength of the material. Yield strength is not always the appropriate factor to limit, for example the buckling 
strength is the appropriate limit for the compressive stress in the spreader bar rather than the yield strength 
and .3 of the ultimate strength is the appropriate limit for shear stress for fillet welds. Also, the equations 
given in the AtSC Manual of Steel Construction for the allowable bearing stress which were used to 
calculate the allowable loads for the lugs on the spreader bar are based on ultimate stress with a factor of 
safety of 2. The design of this EDF for the spreader bar uses the acceptance criteria of design factor of 
safety of three based on yield strength for tension stress and the acceptance criteria from the AISC Manual 
of Steel Construction with a factor of safety of 3 based on the limits from the Manual for bearing stress in 
the lug and shear stress in the welds. The allowable loads from the AlSC Manual of Steel Construction 
include safety factors that provide for the uncertainties that are associated with typical simplifying 
assumptions and the use of nominal or average calculated stresses as the basis for manual methods of 
analysis. The safety factor of 3 used for the spreader bar design is in addition to the safety factors inherent 
in the AlSC Manual of Steel Construction limits. 



EDF Title: PM-2A Half Tank Rigging 
Project No.: 2000-096 
Project Title: PM-2A Tanks and Burn Pits RDlRAWP 

Description of Rigging 

EDF- 096-012 
Rev No.: 2 
Page 3 Of 4 

Rigging has been designed in compliance with DOE-ID Order 440C and DOE-STD-1090-2001 to lift and 
load either the upper or lower half of the PM-2A tanks. The rigging is shown on the Drawing PM-2A Half 
Tank Rigging included in the design submittal. The results of the analyses that verify the adequacy of the 
design are shown in the attached table. The calculations are included as an attachment. 

The rigging is designed to maintain a lifting angle of about 45' between the horizontal and the cables from 
the lifting beam to the crane hook and 60" between the horizontal and the straps. The lengths required to 
maintain the lifting angles result in an overall rigging length from the hook to the lower edge or bottom of the 
half tank of 34 ft. The overhead crane clearance was checked to see if there would be adequate clearance 
to accommodate the 34 ft rigging length. The attached sketch shows if the crane pivot center is located I 1  0 
ft from the center of the far half tank and the crane boom is extended to 121 ft, the lifting capacity of the 
crane is 36,000 Ibs and there is 60 ft clear lift space which is more than the approximately 29 ft needed to 
clear the ground and load the half tank on a low boy trailer. 

A sketch of the rigging is included as sheet 2 of the attached rigging design. The rigging uses a two leg 
sling with I 114 inch diameter cables 24 feet long for each leg that attach to the upper flange of a spreader 
bar. Three inch wide nylon straps are wrapped around either the upper or lower half of the tank and 
connected to the lower flange of the spreader bar. Lugs fabricated from % inch steel plate are attached to 
the upper and lower flanges of the spreader bar with 9/16 inch fillet welds for the top lugs and 7/16 inch filtet 
welds for the bottom lugs. These lugs provide the attachment points for the legs of the sling and the ends 
uf-tkstraps. The tank is rigged near the two end internal stiffening ribs each located about 11 ft from their 
respective end. The spreader bar, a W 8x48 wide flange beam 33 ft 8 in long, is used to spread the cables 
when connected to the crane hook and provide vertical lifting force at the tank rigging points. Lifting lugs 
are welded to the top flange of the spreader bar so that the lifting cables with swaged open sockets can be 
connected to the spreader bar. The eyes on the end of the cables connected to the lifting ring at the crane 
hook are at right angles to the open sockets at the lifting beam end so that the connections can be made 
without a twist in the cable. An example of a two part sling with 1 inch cables rather than the 1 1/4 inch 
cables that are to be used for this design is attached. The vendor reported that they could supply the two 
part sling with the 1 1/4 inch cables. Lugs are welded to the lower flange at each end of the spreader beam 
to provide an attachme_nt point for the straps. The tugs have two holes and each end of the straps is 
attached to the lugs with I inch shackles. The lugs on the bottom of the spreader beam are located directly 
under the lugs on the top so there is no bending force on the beam and the beam is loaded only in 
compression. Additional lifting lugs, top and bottom of the I beam, have been 
provided at the location of the two center internal stiffening ribs of the tank. These ribs are each located 
about 11 ft from their respective end stiffening rib or 22 ft. from the end of the tank. These additional lugs 
provide the ability to lift a shorter section of the half tank if it is cut into shorter sections. They also provide 
the ability to give more support to the half tanks if desired. If the additional center lifting lugs are used, the 
cables of the two leg sling must be moved to the center lugs mounted on the top flange of the spreader bar 
because the spreader bar is not designed to support the loads jn bending. If the additional two internal lugs 
are used in conjunction with the outer lugs, a four leg sling would be used with the two internal cable 
lengths of 18 ft 3 inches. A detailed rigging plan is to be provided by the subcontractor describing the use 
of the rigging for lifting each half tank. 

The analyses, that were petformed to demonstrate the strength of the rigging is in compliance with DOE- 
STD-I 090-2001, are included in the PM - 2A Half Tank Design Calculations which are attached. A 
summary of the results is shown in the attached Table. As shown in the attached table the acceptance 
criteria for all components of the rigging are met. The acceptance criteria for the two leg sling, the shackles 
and the synthetic web straps is the rated load; therefore, a safety factor of 1 based on the rated load meets 
the acceptance criteria. The safety factors for the design of the spreader bar for all components except the 
kl/r of the beam are greater than 3; therefore, the acceptance criteria for these components are met. The 
kl/r value of the spreader bar is only slightly less than the maximum of 200 recommended by the AlSC 
Manual of steel construction for members loaded in compression. The kllr is a goho-go check to determine 



‘EDF Title: PM-ZA Half Tank Rigging 
Project No.: 2000-096 
Project Title: PM-2A Tanks and Burn Pits RDlRAWP 

the rules for determining the allowable compressive stress in the spreader bar apply and, therefore, a 
safety factor is not appropriate. A value of 1 .OO or greater verifies the rules apply and is acceptable. The 
analysis using the rules show a factor of safety of 3.70 for the compressive stress in the spreader bar and 
the W8X48 beam is of adequate size for the spreader bar. 

EDF- 096-012 
Rev No.: 2 
Page 3 Of 4 

Attachments 

fable: Summary of Results PM-2A Half Tank Rigging 
PM-2A Half Tank Rigging Design Calculations 
Reference Pages 



SUMMARY OF RESULTS 
RIGGING ANALYSIS 

PM-2A HALF TANK RIGGING 

EQUIPMENT 
DES CRP TION 

1 1/4” Dim.  Two 
leg sling 

Spreader bar 

Top lifting lugs 
Tension stress 

Bearing stress 

7/16” Fillet weld 

Base metal at 
fdlet weld 

Lower lifting lugs 
Tension stress 

Bearing stress 

7/16” Fillet weld 

Base metal at 
fillet weld 

1” Chain link 
shackles for nylon 
straps 
3” wide three ply 
nylon straps 

SPECIFICATION 
DOCUMENT 

DOE-STD-1090 Sec. 
1 1.3.1.2 

AISC Manual of Steel 
Construction B7 

* AISC Manual of Steel 
Construction B7 

DOE-STD-1090 14.2.1 
invokes 

ASME B30.20-1.2.2 

“AISC Manual of Steel 
Construction J3.7 

*MSC Manual of Steel 
Construction J2.2 

*AISC Manual of Steel 
Construction J2.2 

DOE-STD-1090 14.2.1 
invokes 

ASME B30.20-1.2.2 

* N S C  Manual of Steel 
Construction J3.7 

*MSC Manual of Steel 
Construction J2.2 

*AISC Manual of Steel 
Construction 52.2 

DOE-STD-1090 Sec. 
12.3 

DOE-STD-1090 Sec. 
1 1.3.1.2 

SPECIFIED 
CRITERIA 

Rated load 

Wr=200 max 
recommended 

Fa= 
1 2112E/23 (Kl/r)2 

Safety Factor of 3 
based on yield 

strength 

F*= 
LzF,12d 

0.3Fu 

0.4Fy 

Safety Factor of 3 
based on yield 

strength 

F,= 
Lzu/2d 

0.3F, 

0.4Fy 

Rated load 

Rated load 

BASIS FOR 
SAFETY FACTOR 

Manufacturer rating 
36,000 lbs 

DOE-STD- 1090 
26,000 LBS 

200 

4.14 ksi 

Fy = 36 ksi 

45.1 ksi 

21.0 ksi 

14.4 ksi 

F, = 36 ksi 

5 1.6 ksi 

21.0 ksi 

14.4 ksi 

Manufacturer rating 
17,000 lbs 

Manufacturer rating 
12,500 lbs 

APPLIED 
LOAD OR 

STRESS 

33,425 lbs 

190 

1.12 ksi 

6.64 ksi 

13.65 ksi 

6.48 ksi 

3.73 h i  

3.04 ksi 

12.3 ksi 

2.68 ksi 

2.38 ksi 

10,200 Ibs 

10,200 lbs 

SAFETY 
FACTOR 

1.08 
Based on 
rated load 

1.05 
goino-go 
check. A 

value of 1 .O is 
acceptable 

3.70 

5.42 

3.30 

.3.24 

3.86 

11.84 

4.20 

7.84 

6.05 

1.67 
Based on 
rated load 

1.22 
Based on 
rated load 

* DOE-STD-1090 Section 14.2.1 invokes ASME B30.20-1.2.2 which specifies a safety factor of 3 based on 
yield stress. The allowable values for the stresses for the items marked with an asterisks are not usually 
based on the yield stress; therefore, the allowable values for these stresses from the AISC Manual of Steel 
Construction were used but the requirement used in the design was that the safety factor based on these 
stress must be greater than 3. 
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Originul Canjiguration 

Description 

Weight Calculations 

diameter length depth 
(lisenlfen) 

Spcdfic Wcighrnl"TAl(" 12 IJirprr cutiiciount 

PMZA Tank 12.5 55.0 

Assume Tank Ribs and Manways => 7.0% Added Weight 

Descrrption width length height 
flinrdfenl (lmaolfsnl f?ineolfcnJ 

2 Weight Calculationsfor R W B  "HAShelter 
THA 8 Meter 26.2 650 

Wighi 
Areu Thickness Unii T a d  Added 

(squore feed finches) #bdsjl (lbs) Vbsj 

5/8 25.60 61,575 4310 
0.06 0.38 902 63 

If2 20.40 49,068 3,435 
0.06 0.38 902 63 

2,405.3 3/8 15.30 36,801 2,576 
5/16 12.80 30,788 2,155 

1 /8 5.10 12.267 859 

Weighf 
Length Width Unit T€€4 Added 

flrncnl fcdl (lincaffeefJ (IbdJI OW fibs) 

40.0 26.2 5,050 
25.0 7 1 .OD 1,775 

65.881 33,943 i 
965 483 6 

3 3 . 4 3  - 8 6  

52,502 26,251 4 

965 483 6 

26.?34 4 & h  

39,371 19,688 
32,943 16,471 
262.51 13,126 1 
19,688 9.844 
13,126 6,563 

Total 
Ob$ 

5,050 
1.775 

5.0% 350 
7,175 

THA 22'0" Walls 16.0 35.0 35.0 16.0 8.0 4,480 4,500 

4,730 

Percentage Contingency for Added Weight Assaciated with Lifting System => 

2 Weight Calculatiansfnr RUEB SpeciaI Shelter 

Percentage Contingency for Added Weight Associated withLifting System => 5.0% 230 

Weight 
Description width length thickness Volume Unit Precast Added Total 

(lmeni few (limed frnl llrncrrl feel) (cubic fd flbdd (lW (lbrl (lbs) 

2 Weight Calculations for Precast "C" Section Shielding Concrete 
Sides 2 6 0  9 8  0.75 87.8 145.0 12,724 12,724 
Eud I 6 0  13.8 075 62 2 145.0 9,024 9,024 

Percentage CooMgeoq for Added Steel Remfmcmg => 4.5% 980 
22.728 

Technical Specifications for Grove Mubile Hydraulic Crane GMK5240 I240 ton crane) Whoic Tank HulfTank 
Boom Extension Boom Angle Lift Capaciry 52,502 26,251 

26.73.1 486 
@Sl flbsl 

Percent rift Cmpaciry @-baeal fed) (h-lined fen) Idexreed @Sl 

105.0 80.0 40.4 53,000 99.1% 40.5% 
121.0 100.0 34.3 36,000 145.8% 72 9% 
136.0 110.0 36.0 32.200 
151.0 120.0 37 4 24.800 

Dirlance horn CIL Crmne to C n  ofload -5 Ih-heal feet) 

Horimnlol Dislcmce - Crone l o  7bnk Df7 Catmcip PCrrEnr Landing 

Grovc5240 Countcnvnghb 154300 pauods V-13 EmTank 80.0 h-hnulfect 53,000 49.5% 4 

Ouhlggcr Status -Extcosiws 100% 2T3" Sprcad V-14 WenTmk 100.0 h-hnesl ieet 36,000 72.9% 4 

CnncRdahon Staw 360 d m  RUBBTHA 26.2'x65.0 110.0 h-lineslfeet 7,175 32,200 22.3% 4 

Precast 'IC" Shape 110.0 Mneal feet 22,728 32,200 70.6% 

h u g  mgh Capacity Traders Avdable => 2003 Footame Speciahed TDFT Telescopic Step, Drop Decl Extendable 
102' wide / 48-69' deck ! 80,000 Ibs capacrty 

HortronId DISIMCX - Crane Io Tank Lifr CqmcUy Percenf boding 

>4&6 V-13 East Tank 80.0 hlnesl fnt 

V-14 West T a d  100.0 h-hncd fer1 36,000 74.3% 4 & 6 
RUBB TfiA 26.2' I 65.0 110.0 h-lineal feet 7,175 32,200 22.3% 

Precast "C" Shape IlO.0 h - h d  feet 22,728 32,200 70.6% 

V-13 EarITank 80.0 k-lInedfrct 53,000 63.1% 7 & 6  

V-14 West Tallk 100.0 h-hntl k t  36,000 91.8"X ' B b  

RUBB TRA 26.2' x 65.0 110.0 h-Lmed feet 7,175 32,200 22.3% 
Precast "C" Shape 110.0 h-hnedfeet 21,728 32,200 70.6% 
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It was noted that Eq 15 is the equation of a circle 
with axes u and 5 and centered on the 0 axis 
with: 

and radius, R, given by: 

The result is that stress transformations can be 
performed by using the geometric principles of 
a circle. For example, if stresses are known at a 
point, they are plotted on a figure that has hori- 
zontal axis cr and vertical axis 7 so that (ox, T-) 
is the coordinate point at horizontal position ox 
and vertical position T~ and so that (cy, sq) is 
the coordinate that corresponds to ay and T?. 
Since the center of the circle is on the 0 m s ,  
this can be easily found by Eq 16. The radius of 
the circle is given by Eq 17. From this, the entire 
circle can be drawn. This is illustrated by the 
schematic Mohr's circle in Fig. 5. 

Then for a rotation of axes by B in the stress 
element, the position on the Mohr's circle must 
go through a rotation of 29 i n  the same direction 
but around the circumference of the circle. Every 
point on the circle corresponds to a possible 
stress pair. Note that a rotation of 180" of the 
circle corresponds to a rotation of the stress ele- 
ment by 90" so that ox is transformed to a,, as 
shown in Fig. 5. 

Principal Stresses. The purpose of a stress 
transformation is mainly to find the stresses that 
can be used in a failure criterion. These would 
be either the largest magnitude stresses in any 
direction or the magnitude of stresses on a weak 
plane. For the former, the extreme stresses can 
be found by taking Eq 11 and applying the cal- 
culus principle dcrr/dt3 = 0. That is, principal 
stresses are normal (perpendicular) stresses on 
planes for which the shear stresses are zero, The 
values of principal stresses are given by: 

where the positive radical gives a maximum 
stress labeled 0,  and the negative radical a rnin- 
imum stress a2. Notice that the positions of the 
extreme stresses are the points on the Mohr's 
circle where the circle crosses the CT axis (hori- 
zontal axis) (Fig. 5). 

The right side of the circle corresponds to a 
maximum normal stress and the left side to a 
minimum stress. These stresses as caIled prin- 
cipal stresses and are often labeled o, and 02. 
Votice that the extrema1 stress given by Eq 18 is 
.quivalent to taking the center t the radius of 
the Mohr's circle. In this way the extreme values 
of stresses can be easily found by simply using 
the Mohr's circle. 

The maximum shear stress, T ~ ~ ,  can also be 
found by taking T,.~' from Eq 12 and using the 
calculus principal d~,.,./d€l = 0. This results in: 

The transformation results in a cubic equation in 
5 given by: 

(Eq 21) d - I 1 5 2  + i20 - 1, = 0 

7, where 

The value of T~~ is the radius of the Mohr's 
circle, and the corresponding points on the 
Mohr's circle are at the top and bottom of the 
circle as shown in Fig. 5. The maximum shear 
stress could also be written as: 

- 01 - = 2  ?--- 
2 

Note that the maximum normal stresses are 
defined at a position where the shear stresses are 
zero. A plane with zero shear stress is defined as 
a principal stress plane, that is, a plane having 
only normal stresses. This can be extended to 
three dimensions. Given a symmetric stress ten- 
sor as defined previously, a transformation is de- 
sired to a plane that results in the stress tensor 
having only normal stress components; all shear 
components are zero. This would be given by: 

'I; 

I, = o,o, + Qy[Jz + o*o, - 7; - 7; - 7; 
I3 = o,uyoz + 2~,r,s, -0,s; 

(Eq 22) 

The values of the coefficients, I , ,  I*, and I ,  are 
called the stress invariants and are independent 
of the coordinate system used to describe the 
stress state. However, here they are used to solve 
the stress cubic given in Eq 21 so that three prin- 
cipal stresses result: 0,. 02, and u3. In three di- 
mensions, the maximum shear stresses can be 
found in the same way to the 2D stresses, that is 
as one-half the difference of any two principal 
stresses. 

If stresses ol, (s2. and 0, are ordered from 
maximum to minimum, then the absolute max- 
imum shear stress in three dimensions is: 

- '5,724 - UlT$ 

The transformation of stress in three dimensions 
can be made with equations like Eq 14. For this 
transformation, a circle Iike the Mohr's circle 

zmax 

Fig. 5 MO~I'S circle for two-dimensional 5tre55 transformation 



CUBIC EQUATiUN CALCULA'L'UK rage 1 01 I 

Cubic Equation Calculator 
Jnput MUST have the format: AX3 + BX2 + CX + D = 0 

EXAMPLE: If you have the equation: ZX3 - 4X2 - 22X + 24 = 0 

thenyouwouldinput: A= 2 B=-4 C=-22 D=24 

Click E N T E R and your answers should be 4, -3 and I 

To see the metbod for sdving cuMc equations, click HERE 

Copyright 0 2000 1728 Software Systems 

http://www. 1728.com/cubic.htm 1 2/3 1200 3 

1 
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8. COMBINED STRESS 

Under certain circumstances of loading a body is Puhjected t o  a combination of tmsile,  
compressive, and/or shear stresses. For example, a shaft m-hich is sinldtanc?ouslj- bent 
a d  tm-ist,ed is subject2d t o  combined stresses, namelJ-, longitudina: tje;ision and coniprcssion 
and t,orsional shear. For the purposes oi  analysis it is coni-cnient t o  reduce such q - j t e m g  
of combined stresses t o  a basic system of 
stress coordinates known as principal stresses. 
These stresses act on axes which differ in gen- 
eral from the axes along which the applied 
stresses are acting and represent the maxi- 
mum and minimum ralues of the normal 
stressss for the particular point considered. 

Determination of Principal Stresses. The 
expressions for the principal stresses in terms 
of the stresses along the z and y axes are 

7 1  = =t \I- L (31 

wKere ~ 1 ,  C T ~ ,  and 71 are the principal st,rcss 
components and G ~ ,  G ~ ,  and T~~ the calculated 
mined at any particular point (Fig. 1'). 

FIG. 1. Diagrem ~ b o n i c g  rclatire orient-tior! 
of stresses. (Reproduced wiiii ~iodi!ic:iii~~; 6,- 
permission from Afeciianicai f 'ropcrties o j  NG?~=- 
;-ials a d  Dcsigrc, by Joseph hlrrin, DlcGrair -E2 

Book: Co.) 

stress components, all of 57hich are deter- 

Graphicd Method of Principal §tress Determination-Kohr's Circle. Let  the axes 
z and g be chosen to  represent the directions of the applied normal and shearing stleses,  
respectively (Fig. 2). Lay OR t o  suitable scale distances @ A  = crv, O B  = u z ,  and BC = 
A D  = T=,. Kith point E &E a center construct the circle DFC. Then OF and OG are the 
principal stresses 01 and CTZ respectively, and EC the maximum shear stress 71. The inverse 

also holds; tha t  is, given the princi- 
pal stresses, uX and a, c m  be 
determined on any plane pasaing 
through the point. 

Stress-strain Relations. The lin- 
ear relation between components 
of stress and strain is known as 
Hookela law. This relation for the 
two-dimensional case can be ex- 
pressed as 

1 
B 
1 

EZ = - (a, - .rv) (4) 

(5) Ey = E ( c v  - W Z )  

Y x l /  = g 7zy (6) 
1 FIG. 2. Mohr's circle used for the determination of the prin- 

cipal sfresses. (Reproduced with moddication by permrs- 
sion from .Joseph hlarin, op .  cai . )  

where vZ, cy, and T~~ are the stress 
components of a particular point, v = Poisson's ratio, E = modulus of elasticity, G = ' 
modulus of rigidity, and trl cy, and yrv = strain components. 
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Consolidated 
Gable Rigging & Marine Supply 
Cordage 
Chain 4700 1. Pew1 Street 
CPgO Rets J a c h v U e ,  Piaddr 32205 
S b g B  

(8001 445-8965 (toll-free] - 1994) 765-2056 (fax] 

@ homepaae 

@I aboutus 

@ linecard 

catalog 

@ contact us 

@ safety class 

@I related links 

Specialists in Rigging, Slings, Cable, Chain and Lifting Products,.. 

For a Full 85 Page Catalog, please contact us. 

11 PAGE 1 - Slings with Chokers, Baskets, 2-leggedl4legged Spreaders 

PAGE 2 - No. 105-A Sling with Single-Rope Legs and Torpedo Loop-Locks 

PAGE 3 - Slings with Single-Rope Legs and Open/Closed Swaged Sockets 

PAGE 4 - Chain Slings - Single, Double, Triple, Quad and Standard 

PAGE 5 - Wire Rope 

PAGE 6 - Galv. and Stainless Wire Rope 

PAGE 7 - Endless Round Sling 

PAGE 8 - Nylon Web Products - Eye, Eye Slings and Endless Slings 

PAGE 9 - Important Features to look for in a Quality Sling ... 

[ home patye ] [ about us ] [ line card ] [ catalog ] [ contact us 1 [ related links ] E 

4700 N. Pearl Street, Jacksonville, Florida 32206 I (800) 445-8965 (tollfree) I (904) 765-2056 (fax) 

Copyright 2002 Consolidated Rigging 8 Marine Supply I location map I city map I webmaster 

http://www.consolidatedrigging.com/catalog. htm 10/15/2003 



Consoliuateu mggmg tz Manne supply - JacKsonville, rionaa 

Previous 1 

Consolidated 
Cable Rlgginq & Marine Suppty 

rage I 01 I 

Slings with Ch o ke rs, Baskets, 2-leg gedl4-legged Spreaders.. . 

I Print Page 1 

4700 N. Pearl Street, Jacksonville, Florida 32206 I (800) 445-8965 (tollfree) I (504) 765-2056 (fax) 

Copyright 2002 Consolidated Rigging & Marine Supply I location map I city map 

http://www.consolidatedrigging. corn/ 1. html 10/15/2003 



Consolidated Rigging & Marine Supply - Jacksonville, Florida Page 1 of 2 

I Previous 1 

Print Page 1 

Consolidated 
Cabh Rigging 6 Marine Suppty 
Cozdrm 
Chain- 4700 N. Pearl Street 
C W  Rets JEcLuonvllie, Floddn 32206 
Sling. 

(8001 445-8965 (toll-free) - 1904) 765-2056 

Nylon Web Products - Eye, Eye Slings and Endless Slings ... 

Code 

http://www. consolidatedrigging. com/8. html 10/15/2Oo3 


